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FOREWORD 


The  work  reported  herein  was  sponsored  by  the  National  Aero¬ 
nautics  and  Space  Administration  (NASA),  Marshall  Space  Flight 
Center  (MSFC)  (I-E-J),  under  System  921E,  Project  9194. 

The  results  of  the  tests  presented  were  obtained  by  ARO,  Inc.  (a 
subsidiary  of  Sverdrup  &  Parcel  and  Associates,  Inc.  ),  contract  opera¬ 
tor  of  the  Arnold  Engineering  Development  Center  (AEDC),  Air  Force 
Systems  Command  (AFSC),  Arnold  Air  Force  Station,  Tennessee,  under 
Contract  F40600-69-C-0001.  Program  direction  was  provided  by  NASA/ 

MSFC;  engineering  liaison  was  provided  by  North  American  Rockwell 
Corporation,  Rocketdyne  Division,  manufacturer  of  the  J- 2  rocket 
engine  and  McDonnell  Douglas  Corporation,  Missile  and  Space  Systems 
Division,  manufacturer  of  the  S-IVB  stage.  The  testing  reported  herein 
was  conducted  between  September  4  and  24,  1968,  in  Propulsion  Engine 
Test  Cell  (J-4)  of  the  Large  Rocket  Facility  (LRF)  under  ARO  Project 
No.  KA1901.  The  manuscript  was  submitted  for  publication  on  Novem¬ 
ber  4,  1968.  (  ■ 

Information  in  this  report  is  embargoed  under  the  Department  of 
State  International  Traffic  in  Arms  Regulations.  This  report  may  be 
released  to  foreign  governments  by  departments  or  agencies  of  the 
U.  S.  Government  subject  to  approval  of  NASA,  Marshall  Space  Flight 
Center  (I-E-J),  Huntsville,  Alabama,  or  higher  authority.  Private 
individuals  or  firms  require  a  Department  of  State  export  license. 

This  technical  report  has  been  reviewed  and  is  approved. 

Edgar  D.  Smith  Roy  R.  Croy,  Jr. 

Major,  USAF  Colonel,  USAF 

AF  Representative,  LRF  Director  of  Test 

Directorate  of  Test 
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ABSTRACT 


Fourteen  firings  of  the  Rocketdyne  J-2  rocket  engine  were  con¬ 
ducted  during  test  periods  J4- 1901-09,  10,  and  11  between  Septem¬ 
ber  4  and  24,  1968,  in  Test  Cell  (J-4)  of  the  Large  Rocket  Facility. 

The  firings  were  accomplished  at  pressure  altitudes  ranging  from 
81,  000  to  107,  000  ft  at  engine  start.  Basic  test  objectives  were  to 
evaluate  the  effect  on  the  engine  start  transient  of  (1)  different  con¬ 
figuration  gas  generator  oxidizer  supply  lines,  (2)  gaseous  helium  as 
a  start  tank  pressurant,  (3)  start  tank  pressures  ranging  from  600  to 
1000  psia,  and  (4)  a  simulated  gas  generator  fuel  poppet  leak.  Engine 
components  were  thermally  conditioned  to  temperatures  representative 
of  S-IVB  engine/ interstage  environment  for  a  first  burn,  80-min  re¬ 
start,  or  6-hr  restart.  The  total  accumulated  firing  duration  for  the 
three  test  periods  was  181.  6  sec. 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J-2  rocket  engine  using  an  S-IVB  battle¬ 
ship  stage  has  been  in  progress  since  July,  1966,  at  AEDC  in  support 
of  the  J-2  engine  application  of  the  Saturn  IB  and  Saturn  V  launch  vehi¬ 
cles  for  the  NASA  Apollo  Program.  The  14  firings  reported  herein  were 
conducted  during  test  periods  J4- 1901-09  through  11  between  September 
4  and  24,  1968,  in  Propulsion  Engine  Test  Cell  (J-4)(Figs.  1  and  2, 
Appendix  I)  of  the  Large  Rocket  Facility  (LRF).  This  series  of  firings 
consisted  of  S-IVB  restarts  (80-min  and  6-hr  simulated  orbital  coast 
times)  and  one  first  burn  for  evaluation  of  gas  generator  oxidizer  supply 
lines  of  differing  internal  configuration.  Other  objectives  included 
evaluation  of  engine  start  transients  utilizing  gaseous  helium  as  a  start 
tank  pressurant,  start  tank  pressures  ranging  from  600  to  1000  psia, 
and  a  simulated  gas  generator  fuel  poppet  leak. 

The  firings  were  conducted  at  pressure  altitudes  ranging  from  81,000 
to  107,  000  ft  (geometric  pressure  altitude,  Z,  Ref.  1)  at  engine  start. 
Engine  components  were  conditioned  to  predicted  S-IVB  interstage/ engine 
temperatures.  Data  collected  to  accomplish  the  test  objectives  are  pre¬ 
sented  herein.  The  results  of  the  previous  test  period  are  presented  in 
Ref.  2. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  rocket  engine  (Fig.  3)  designed  and  de¬ 
veloped  by  Rocketdyne  Division  of  North  American  Rockwell  .Corporation. 
The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants  and  has 
a  thrust  rating  of  230,  000  lbf  at  an  oxidizer-to-fuel  mixture  ratio  of  5.5. 
An  S-IVB  battleship  stage  was  used  to  supply  propellants  to  the  engine. 

A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this  test 
period  are  presented  in  Tables  I  and  II,  respectively  (Appendix  II).  All 
engine  modifications  and  component  replacements  performed  since  the 
previous  test  period  are  presented  in  Tables  III  and  IV,  respectively. 
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2.1.1  J-2  Rocket  Engine 

The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  3)  features  the  following 
major  components: 

1.  Thrust  Chamber  -  The  tubular- walled,  bell- shaped  thrust 
chamber  consists  of  an  18.  6-in.  -diam  combustion  chamber 
(8.  0  in.  long  from  the  injector  mounting  to  the  throat  inlet) 
with  a  characteristic  length  (L*)  of  24.  6  in. ,  a  170.  4-in.2  throat 
area,  and  a  divergent  nozzle  with  an  expansion  ratio  of  27. 1. 
Thrust  chamber  length  (from  the  injector  flange  to  the  nozzle 
exit)  is  107  in.  Cooling  is  accomplished  by  the  circulation  of 
engine  fuel  flow  downward  from  the  fuel  manifold  through  180 
tubes  and  then  upward  through  360  tubes  to  the  injector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric-orificed 
(concentric  fuel  orifices  around  the  oxidizer  post  orifices), 
porous-faced  injector.  Fuel  and  oxidizer  injector  orifice  areas 
are  2o.  0  and  16.  0  in.2,  respectively.  The  porous  material, 
forming  the  injector  face,  allows  approximately  3.  5  percent  of 
total  fuel  flow  to  transpiration  cool  the  face  of  the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion 
chamber.  The  augmented  spark  igniter  chamber  is  an  integral 
part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer  are  ig¬ 
nited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two- stage 
turbine- stator  assembly,  an  inducer,  and  a  seven- stage  axial- 
flow  pump.  The  pump  is  self  lubricated  and  nominally  produces, 
at  rated  conditions,  a  head  rise  of  38,  215  ft  (1248  psia)  of  liquid 
hydrogen  at  a  flow  rate  of  8585  gpm  for  a  rotor  speed  of 

27,  265  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  turbine- stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self  lubricated  and  nominally  produces,  at 
rated  conditions,  a  head  rise  of  2170  ft  (1107  psia)  of  liquid 
oxygen  at  a  flow  rate  of  2965  gpm  for  a  rotor  speed  of  8688  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 
chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in¬ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
lead  to  the  gas  generator  combustion  chamber.  The  high  energy 
gases  produced  by  the  gas  generator  are  directed  to  the  fuel 


2 


AEDC.TR. 68-272 


turbine  and  then  to  the  oxidizer  turbine  (through  the  turbine 
crossover  duct)  before  being  exhausted  into  the  thrust  chamber 
at  an  area  ratio  (A/A^-)  of  approximately  11. 

7.  Propellant  Utilization  Valve  -  The  motor-driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 
pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 
propellants  trapped  between  the  battleship  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7258- in.3  sphere  for  hydrogen  with  a 
1000- in. 3  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
source  for  spinning  the  propellant  turbopumps  during  engine 
start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 
oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine  in  order 
to  control  the  oxidizer-to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  which  bypass  the  oxidizer  turbine  are 
discharged  into  the  thrust  chamber. 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two- stage,  butterfly- type  valve  located  in  the  oxidizer 
high  pressure  duct  between  the  turbopump  and  the  main  injector. 
The  first- stage  actuator  positions  the  main  oxidizer  valve  at 

the  14-deg  position  to  obtain  initial  thrust  chamber  ignition;  the 
second- stage  actuator  ramps  the  main  oxidizer  valve  full  open 
to  accelerate  the  engine  to  main- stage  operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 
actuated  butterfly- type  valve  located  in  the  fuel  high  pressure 
duct  between  the  turbopump  and  the  fuel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

14.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 
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15.  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 


2.1.2  Oxidizer  Supply  Line  to  Gas  Generator 

The  gas  generator  oxidizer  supply  line  assembly  (Fig.  3b)  utilized  on 
test  periods  09  and  10  was  the  same  configuration  as  the  assembly  utilized 
on  the  previous  tests  (Ref.  2).  An  X-ray  photograph  of  the  bellows  sec¬ 
tion  of  this  assembly,  manufactured  by  the  Anaconda  American  Brass 
Company,  is  shown  in  Fig.  3c.  The  assembly  utilized  for  test  period  11 
was  identical  to  that  of  test  periods  09  and  10  except  for  the  internal 
geometry  of  the  flexible  bellows  section.  An  X-ray  photograph  of  the  bel¬ 
lows  section  utilized  on  test  period  11  is  shown  in  Fig.  3d.  This  bellows 
section  was  manufactured  by  the  Avica  Corporation.  The  assemblies 
P/N  408710  and  P/N  NA5-260113  are  hereafter  referred  to  as  the  Anaconda 
and  Avica  lines,  respectively. 

2.1.3  S-IVB  Battleship  Stage 

The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre¬ 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware  tem¬ 
peratures  near  normal  operating  levels  and  to  prevent  propellant  tem¬ 
perature  stratification.  Vent  and  relief  valve  systems  are  provided  for 
both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine- supplied  gaseous  hydrogen  for  fuel  tank 
pressurization  during  S-IVB  flight  was  routed  to  the  facility  venting 
system. 

2.2  TEST  CELL 

Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed  for 
static  testing  of  liquid- prop  ell  ant  rocket  engines  and  propulsion  systems 
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at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction  pro¬ 
vides  a  1.  5-million-lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  cham¬ 
ber,  100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the 
test  capsule  to  provide  exhaust  gas  cooling  and  dehumidification; 

(3)  coolant  water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen  (gas¬ 
eous  and  liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and 
delivery  systems  for  operation  of  the  cell  and  test  article;  and  (4)  con¬ 
trol  building,  containing  test  article  controls,  test  cell  controls,  and 
data  acquisition  equipment.  Exhaust  machinery  is  connected  with  the 
spray  chamber  and  maintains  a  minimum  test  cell  pressure  before  and 
after  the  engine  firing  and  exhausts  the  products  of  combustion  from 
the  engine  firing.  Before  a  firing,  tne  facility  steam  ejector,  in  series 
with  the  exhaust  machinery,  provides  a  pressure  altitude  of  100,  000  ft 
in  the  test  capsule.  A  detailed  description  of  the  test  cell  is  presented 
in  Ref.  4. 

The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser- steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
duffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  recovery 
of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pressure  alti¬ 
tude  (attained  by  the  steam  ejector)  during  the  engine  firing.  The  annular 
ejector  was  provided  to  suppress  steam  recirculation  into  the  test  cap¬ 
sule  during  steam  ejector  shutdown.  The  test  cell  was  also  equipped 
with  (1)  a  gaseous  nitrogen  purge  system  for  continuously  inerting  the 
normal  air  in-leakage  of  the  cell;  (2)  a  gaseous  nitrogen  repressuriza¬ 
tion  system  for  raising  test  cell  pressure,  after  engine  cutoff,  to  a  level 
equal  to  spray  chamber  pressure  and  for  rapid  emergency  inerting  of 
the  capsule;  and  (3)  a  spray  chamber  liquid  nitrogen  supply  and  distribu¬ 
tion  manifold  for  initially  inerting  the  spray  chamber  and  exhaust  ducting 
and  for  increasing  the  molecular  weight  of  the  hydrogen- rich  exhaust 
products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen-helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  and  main 
oxidizer  valve  second- stage  actuator.  Helium  was  routed  internally 
through  the  crossover  duct  and  tubular-walled  thrust  chamber.  Main 
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oxidizer  valve  conditioning  was  achieved  by  opening  the  prevalves  and 
permitting  propellants  into  the  engine. 

2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised  of 
(1)  flight  instrumentation  for  the  measurement  of  critical  engine  param¬ 
eters  and  (2)  facility  instrumentation  which  was  provided  to  verify  the 
flight  instrumentation  and  to  measure  additional  engine  parameters.  The 
flight  instrumentation  was  provided  and  calibrated  by  the  engine  manu¬ 
facturer;  facility  instrumentation  was  initially  calibrated  and  periodically 
recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all  measured  test 
parameters  and  the  locations  of  selected  sensing  points. 

Pressure  measurements  were  made  using  strain-gage-type  pres¬ 
sure  transducers  and  a  capacitance -type  Photocon®  transducer.  Tem¬ 
perature  measurements  were  made  using  resistance  temperature 
transducers  and  thermocouples.  Oxidizer  and  fuel  turbopump  shaft 
speeds  were  sensed  by  magnetic  pickup.  Fuel  and  oxidizer  flow  rates 
to  the  engine  were  measured  by  turbine-type  flowmeters  which  are  an 
integral  part  of  the  engine.  The  propellant  recirculation  flow  rates 
were  also  monitored  with  turbine- type  flowmeters.  Vibrations  were 
measured  by  accelerometers  mounted  on  the  oxidizer  injector  dome  and 
on  the  turbopumps.  Primary  engine  and  stage  valves  were  instrumented 
with  linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers  and 
resistance  temperature  transducer  units;  {2)  voltage  substitution  for  the 
thermocouples;  (3)  frequency  substitution  for  shaft  speeds  and  flow¬ 
meters;  and  (4)  frequency-voltage  substitution  for  accelerometers  and 
Photocon  unit. 

The  types  of  data  acquisition  and  recording  systems  used  during  this 
test  period  were  (1)  a  multiple- input  digital  data  acquisition  system 
(Microsadic®)  scanning  each  parameter  at  40  samples  per  second  and 
recording  on  magnetic  tape;  (2)  single- input,  continuous-recording  FM 
systems  recording  on  magnetic  tape;  (3)  photographically  recording 
galvanometer  oscillographs;  (4)  direct- inking,  null -balance  potentiometer- 
type  X-Y  plotters  and  strip  charts;  and  (5)  optical  data  recorders.  Appli¬ 
cable  systems  were  calibrated  before  each  test  (atmospheric  and  altitude 
calibrations).  Television  cameras,  in  conjunction  with  video  tape  re¬ 
corders,  were  used  to  provide  visual  coverage  during  an  engine  firing. 
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as  well  as  for  replay  capability  for  immediate  examination  of  unexpected 
events. 


2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect  the 
engine  control  system,  major  stage  systems,  the  engine  safety  cutoff 
system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The 
sequence  of  engine  events  for  a  normal  start  and  shutdown  is  presented 
in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage  pre¬ 
valves  and  recirculation  systems  with  engine  start  for  simulating  engine 
flight  start  sequences  are  presented  in  Figs.  7c  and  d. 


SECTION  III 
PROCEDURE 


Preop erational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished,  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chemi¬ 
cal  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24-hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 

A  final  engine  sequence  check  was  conducted  immediately  preceding  the 
test  period. 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  chamber 
jacket  purges  were  initiated  before  evacuating  the  test  cell.  After  com¬ 
pletion  of  instrumentation  calibrations  at  atmospheric  conditions,  the  test 
cell  was  evacuated  to  approximately  0.  5  psia  with  the  exhaust  machiner, 
and  instrumentation  calibrations  at  altitude  conditions  were  conducted. 
Immediately  before  loading  propellants  on  board  the  vehicle,  the  cell  and 
exhaust-ducting  atmosphere  was  inerted.  At  this  same  time,  the  cell 
nitrogen  purge  was  initiated  for  the  duration  of  the  test  period,  except 
for  the  engine  firing.  The  vehicle  propellant  tanks  were  then  loaded. 
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and  the  remainder  of  the  terminal  countdown  was  conducted.  Tempera¬ 
ture  conditioning  of  the  various  engine  components  was  accomplished 
as  required,  using  the  facility- supplied  engine  component  conditioning 
system.  Engine  components  which  required  temperature  conditioning 
were  the  thrust  chamber,  the  crossover  duct,  and  main  oxidizer  valve 
second- stage  actuator.  Table  V  presents  the  engine  purges  and  thermal 
conditioning  operations  during  the  terminal  countdown  and  immediately 
following  the  engine  firing. 

Test  objectives  for  firings  11C  and  HE  required  a  simulated  gas 
generator  fuel  poppet  leak.  During  pre-fire  conditioning  for  these  two 
firings,  the  gas  generator  fuel  poppet  was  opened  approximately  30  per¬ 
cent,  and  propellants  were  admitted  to  the  gas  generator.  The  valve 
was  opened  at  approximately  t-  10  min  and  closed  at  t  -  60  sec. 

SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 

4.1.1  General 

Fourteen  firings  of  the  Rocketdyne  J-2  rocket  engine  (S/N  J-2036-1) 
were  conducted  between  September  4  and  24,  1968,  during  test  periods 
J4- 1901-09  through  J4- 1901- 11.  These  firings  were  in  support  of  the 
S-IVB/S-V  J-2  flight  support  testing.  Testing  was  accomplished  at 
pressure  altitudes  ranging  from  81,  000  to  107,  000  ft  at  engine  start 
utilizing  predicted  S-IVB  interstage/ engine  temperature  conditions  as 
targets  for  conditioning  engine  components. 

This  series  of  firings  consisted  of  S-IVB  restarts  (80-min  and  6-hr 
simulated  orbital  coast  times)  and  one  first  burn  for  evaluation  of  gas 
generator  transient  temperature  peaks  utilizing  gas  generator  oxidizer 
supply  lines  of  differing  internal  configuration.  Other  objectives  in¬ 
cluded  evaluation  of  engine  start  transients  utilizing  start  conditions 
which  would  result  from  specific  in-flight  restart-oriented  problems. 

A  leak  in  the  start  tank  system  was  simulated  by  low  start  tank 
pressures  ranging  from  600  to  1000  psia.  A  gas  generator  fuel  poppet 
leak  was  simulated  by  opening  the  poppet  approximately  30  percent  and 
admitting  fuel  into  the  gas  generator  and  turbine  exhaust  system.  Since 
the  S-IVB  stage  could  be  modified  to  allow  repressurizing  the  start  tank 
from  an  on-board  helium  source,  it  was  desirable  to  evaluate  start 
transients  using  helium  for  the  start  tank  gas. 
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Test  requirements  and  specific  test  results  for  each  firing  are 
summarized  in  Table  VI.  Start  and  shutdown  transient  operating  times 
for  selected  engine  valves  are  presented  in  Table  VII.  Figure  8  shows 
engine  start  conditions  for  pump  inlets  and  start  and  helium  tanks.  The 
total  firing  duration  for  the  three  test  periods  was  181.  6  sec.  Calcu¬ 
lated  engine  performance  for  the  four  32.  5- sec  duration  firings  is  pre¬ 
sented  in  Table  VIII.  Performance  program  methods  of  calculation  are 
shown  in  Appendix  IV.  Specific  test  objectives  and  a  brief  summary  of 
each  firing  are  presented  below.  The  data  presented  will  be  those  re¬ 
corded  on  the  digital  data  acquisition  system,  except  as  noted. 

4.1.2  Firing  J4-1 901 -09A 

4. 1.2.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6-hr  orbital  coast  to  evaluate  the  engine  start  transient  utilizing 
helium  (1200  psia,  50°F)  as  the  start  tank  pressurant. 

4.1. 2.2  Results 

The  programmed  32.  5- sec  duration  firing  following  a  7.  9- sec  fuel 
lead  was  prematurely  terminated  at  tg  +  1.  25  sec  because  of  an  error 
in  programming  run  duration.  Test  requirements  otherwise  were  satis¬ 
fied.  Temperature  histories  of  thermally  conditioned  engine  components 
are  shown  in  Fig.  9.  Engine  start  and  shutdown  transients  are  shown  in 
Fig.  10.  Fuel  pump  start  transient  performance  is  shown  in  Fig.  11. 
Engine  ambient  and  combustion  chamber  pressure  histories  are  shown  in 
Fig.  12.  Pressure  altitude  at  engine  start  was  88,  000  ft. 

Maximum  transient  gas  generator  temperature  was  850°F  (first  peak). 
Oxidizer  dome  prime  (chamber  pressure  attains  100  psia)  occurred  at 
tg  +  1.  075  sec,  and  initial  movement  of  the  second  stage  of  the  main  oxi¬ 
dizer  valve  occurred  at  tg  +  1.  005  sec.  The  propellant  utilization  valve 
remained  full  open  as  scheduled  throughout  this  firing.  Approximately 
38  msec  of  excessive  engine  vibration  (VSC)  occurred  at  oxidizer  dome 
prime. 

Failure  to  attain  main- stage  operation  because  of  the  inadvertant 
premature  termination  of  the  firing  partially  negated  test  objectives. 
However,  until  engine  cutoff  signal,  engine  operation  was  satisfactory, 
and  apparently,  main- stage  operation  would  have  been  successfully 
achieved. 
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4.1.3  Firing  J4-1901-09B 


4. 1.3.1  Objective 


The  objective  was  to  perforin  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6- hr  orbital  coast  to  evaluate  the  effects  of  reduced  start  tank 
pressure  (1000-psia)  on  the  engine  start  transient. 

4.1. 3.2  Results 

The  firing  of  32.  6- sec  duration  following  a  7.  9-sec  fuel  lead  was 
conducted,  which  satisfied  test  requirements.  Temperature  histories 
of  thermally  conditioned  engine  components  are  shown  in  Fig.  13. 

Engine  start  and  shutdown  transients  are  shown  in  Fig.  14.  Fuel  pump 
start  transient  performance  is  shown  in  Fig.  15.  Engine  ambient  and 
combustion  chamber  pressure  histories  are  shown  in  Fig.  16.  Pressure 
altitude  at  engine  start  was  100,  000  ft. 

Maximum  gas  generator  transient  temperature  was  930°F  (first 
peak).  Oxidizer  dome  prime  occurred  at  to  +  1.  073  sec,  initial  move¬ 
ment  of  the  second  stage  of  the  main  oxidizer  valve  occurred  at 
to  +  1.  014  sec,  and  main- stage  operation  (chamber  pressure  attains 
550  psia)  occurred  at  to  +  2.  659  sec.  The  scheduled  propellant  utiliza¬ 
tion  valve  excursion  (open  to  closed)  was  completed  at  to  +  14.  1  sec. 
Approximately  20  msec  of  excessive  engine  vibration  (VSC)  occurred  at 
oxidizer  dome  prime.  Fuel  pump  stall  margin  (Fig.  15)  was  reduced  to 
approximately  550  gpm  at  17,  000  rpm. 

4.1.4  Firing  J4-1901-09C 


4.1 .4.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  80-min  orbital  coast  to  evaluate  gas  generator  transient  tempera¬ 
ture  for  comparison  with  firing  08B.  Firing  08B  utilized  an  Anaconda 
oxidizer  supply  line,  S/N  3729063;  firing  09C  utilized  an  Anaconda  oxi¬ 
dizer  supply  line,  S/N  3726659. 

4.1. 4.2  Results 


The  firing  of  7.  6- sec  duration  following  a  7.  9- sec  fuel  lead  was  con¬ 
ducted  30  min  after  firing  09B  and  satisfied  test  requirements.  Tem¬ 
perature  histories  of  thermally  conditioned  engine  components  are  shown 
in  Fig.  17.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  18. 
Fuel  pump  start  transient  performance  is  shown  in  Fig.  19.  Engine 


10 


AEDC-TR-6B-272 


ambient  and  combustion  chamber  pressure  histories  are  shown  in 
Fig.  20.  Pressure  altitude  at  engine  start  was  100,  000  ft. 

Maximum  gas  generator  transient  temperatures  were  1270°F  (first 
peak)  and  1530°F  (second  peak).  Oxidizer  dome  prime  occurred  at 
to  +  0.  945  sec,  initial  movement  of  the  second  stage  of  the  main  oxidi¬ 
zer  valve  occurred  at  tQ  +  1.  100  sec,  and  main- stage  operation  was 
attained  at  tg  +  2.  056  sec.  The  propellant  utilization  valve  remained 
full  open  as  scheduled  throughout  this  firing. 

Test  results  from  firing  08B  are  similar  to  results  of  this  firing. 

A  comparison  of  significant  starting  conditions  is  shown  below: 


Test  Number 

08B 

09C 

Fuel  Pump  Inlet 

Pressure,  psia 

27.  3 

26.  9 

Temperature,  °F 

-421. 3 

-421.  4 

Oxidizer  Pump 

Pressure,  psia 

45.5 

45.  2 

Inlet 

Temperature,  #F 

-295. 2 

-295.  1 

Start  Tank 

Pressure,  psia 

1298 

1296 

Temperature,  °F 

-268 

-272 

Thrust  Chamber  Average 

-284 

-284 

Temperature  at  to 

,  °F 

Crossover  Duct  Temperature,  CF 

388,  180, 

427,  171, 

(TFTD-2,  -3,  and  -8,  respectively) 

and  418 

and  423 

Transient  gas  generator  temperatures  were  about  70  deg  lower  on  firing 
08B,  while  chamber  pressure  buildup  to  main  stage  required  essentially 
the  same  time  for  both  firings.  These  data  implied  that  the  gas  gen¬ 
erator  outlet  temperature  transient  is  practically  the  same  for  identical 
starting  conditions  and  for  the  two  gas  generator  oxidizer  supply  lines 
tested. 

4.1.5  Firing  J4-1901-09D 


4.1. 5.1  Objective 


The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6-hr  orbital  coast  to  evaluate  the  effects  of  reduced  start  tank 
pressure  (800-psia)  on  the  engine  start  transient. 
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4.1.5.2  Results 


The  firing  of  32.  6- sec  duration  following  a  7.  9-sec  fuel  lead  was 
conducted,  which  satisfied  test  requirements.  Temperature  histories 
of  thermally  conditioned  engine  components  are  shown  in  Fig.  21.  Engine 
start  and  shutdown  transients  are  shown  in  Fig.  22.  Fuel  pump  start 
transient  performance  is  shown  in  Fig.  23.  Engine  ambient  and  com¬ 
bustion  chamber  pressure  histories  are  shown  in  Fig.  24.  Pressure  alti¬ 
tude  at  engine  start  was  101,  000  ft. 

Maximum  gas  generator  transient  temperature  was  990®F  (first  peak). 
Oxidizer  dome  prime  occurred  at  to  +  1.  102  sec,  initial  movement  of  the 
second  stage  of  the  main  oxidizer  valve  occurred  at  tg  +  1.  011  sec,  and 
main- stage  operation  was  attained  at  tg  +  2.  741  sec.  The  scheduled  pro¬ 
pellant  utilization  valve  excursion  (open  to  closed)  was  completed  at 
tg  +  13.9  sec.  Approximately  22  msec  of  excessive  engine  vibration  (VSC) 
occurred  at  oxidizer  dome  prime.  Fuel  pump  stall  margin  (Fig.  23)  was 
reduced  to  approximately  250  gpm  at  17,  000  rpm. 

4.1.6  Firing  J4-1901-09E 

4. 1.6.1  Objective 


The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  80-min  orbital  coast  to  evaluate  augmented  spark  igniter  operation 
and  gas  generator  transient  temperature  with  maximum  start  tank  energy 
for  comparison  with  firing  08D  results. 

4.1.6.2  Results 

The  firing  of  7.  6- sec  duration  following  a  7.  9-sec  fuel  lead  was  con¬ 
ducted  30  min  after  firing  09D  and  satisfied  test  requirements.  Tem¬ 
perature  histories  of  thermally  conditioned  engine  components  are  shown 
in  Fig.  25.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  26. 
Fuel 'pump  start  transient  performance  is  shown  in  Fig.  27.  Engine 
ambient  and  combustion  chamber  pressure  histories  are  shown  in  Fig.  28. 
Pressure  altitude  at  engine  start  was  100,  000  ft. 

Ignition  was  detected  in  the  augmented  spark  igniter  265  msec  after 
engine  start.  Maximum  gas  generator  transient  temperatures  were 
1350°F  (first  peak)  and  1660°F  (second  peak).  Oxidizer  dome  prime 
occurred  at-tg  +  0.  947  sec,  initial  movement  of  the  second  stage  of  the 
main  oxidizer  valve  occurred  at  tg  +  1.  114  sec,  and  main- stage  opera¬ 
tion  was  attained  at  tg  +  2.  058  sec.  The  propellant  utilization  valve  re¬ 
mained  full  open  as  scheduled  throughout  this  firing. 
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A  brief  comparison  of  starting  conditions  for  firings  08D  and  09E 
is  shown  below: 


Test  Number 

08D 

_ 

09E 

Fuel  Pump  Inlet 

Pressure,  psia 
Temperature,  °F 

40.  7 
-421.  3 

Oxidizer  Pump 

Inlet 

Pressure,  psia 
Temperature,  °F 

45.0 

-294,7 

45.  0 
-294.  5 

Start  Tank 

Pressure,  psia 
Temperature,  °F 

1298 

-265 

1300 

-266 

Thrust  Chamber  Average 

Temperature  at  to,  aF 

-339 

-334 

Crossover  Duct  Temperature,  °F 
(TFTD-2,  -3,  and  -8,  respectively) 

422,  175, 
and  431 

430,  171, 
and  424 

Test  results  from  firing  08D  only  partially  agree  with  results  of 
this  firing.  Transient  gas  generator  temperatures  were  150°F  (first  peak) 
and  200°F  (second  peak)  higher  on  firing  09E.  Chamber  pressure  buildup 
to  main  stage  required  essentially  the  same  time  for  both  firings. 


4.1.7  Firing  J4- 1901 -09F 


4.1. 7.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6-hr  orbital  coast  to  evaluate  the  effects  of  reduced  start  tank 
pressure  (600-psia)  on  the  engine  start  transient. 

4. 1.7. 2  Results 

The  firing  of  0.  68-sec  duration  following  a  7.  9-sec  fuel  lead  was 
prematurely  terminated  by  the  fuel  pump  stall  approach  monitor.  Test 
requirements  were  satisfied.  Temperature  histories  of  thermally  con¬ 
ditioned  engine  components  are  shown  in  Fig.  29.  Engine  start  and 
shutdown  transients  are  shown  in  Fig.  30.  Fuel  pump  start  transient 
performance  is  shown  in  Fig.  31.  Engine  ambient  and  combustion  cham¬ 
ber  pressure  histories  are  shown  in  Fig.  32.  Pressure  altitude  at  engine 
start  was  102,  000  ft. 
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Engine  cutoff  signal  was  automatically  initiated  by  the  fuel  pump 
stall  approach  monitor.  This  is  a  safety  cutoff  (not  part  of  the  engine 
safety  cutoff  system)  which  will  terminate  a  firing  if  fuel  flow  is  below 
3300  ±  175  gpm  for  any  55-msec  period  after  to  +  0.  585  sec.  At  the 
time  of  cutoff  signal,  fuel  flow  was  approximately  3360  gpm.  Fuel  pump 
stall  margin  was  approximately  1300  gpm  at  cutoff  signal. 

4.1.8  Firing  J4-190M0A 

4. 1.8.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6-hr  orbital  coast  to  evaluate  gas  generator  transient  peaks. 

4.1. 8.2  Results 

The  firing  of  7.  6- sec  duration  following  a  7.  9-sec  fuel  lead  satisfied 
the  test  requirements.  Temperature  histories  of  thermally  conditioned 
engine  components  are  shown  in  Fig.  33.  Engine  start  and  shutdown 
transients  are  shown  in  Fig.  34.  Fuel  pump  start  transient  performance 
is  shown  in  Fig.  35.  Engine  ambient  and  combustion  chamber  pres¬ 
sures  experienced  during  the  firing  are  shown  in  Fig.  36.  Pressure  alti¬ 
tude  at  engine  start  was  81,  000  ft. 

Maximum  gas  generator  first  peak  temperature  was  660"F,  whereas 
no  second  peak  was  obtained.  Oxidizer  dome  prime  occurred  at 
to  +  1.  091  sec.  The  engine  experienced  approximately  23  msec  of  exces¬ 
sive  vibration  (VSC)  during  oxidizer  dome  prime.  Main  oxidizer  valve 
initial  second- stage  movement  occurred  at  tg  +  0.  996  sec,  and  main- stage 
operation  was  attained  at  to  +  3.  158  sec.  The  propellant  utilization  valve 
remained  in  the  open  position  as  scheduled  for  the  duration  of  the  firing. 

Comparison  of  start  conditions  for  this  firing  and  firing  J4-1901-06A 
is  shown  below: 


Test  Number 

06A 

10A 

Fuel  Pump  Inlet 

Pressure,  psia 

27.  2 

26.  6 

Temperature,  *F 

-421.3 

-421.5 

Oxidizer  Pump 

Pressure,  psia 

33.7 

33.6 

Inlet 

Temperature,  *F 

-285, 4 

-295. 1 

Start  Tank 

Pressure,  psia 

1258 

1248 

Temperature,  *F 

-143 

-140 

Thrust  Chamber  Average 

-367 

-366 

Temperature  at  to 

°F 

Crossover  Duct  Temperature,  *F 

-109,-76, 

-105,  -73, 

(TFTD-2,  -3,  and 

-8,  respectively) 

and  -90 

and  -86 
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It  should  be  noted  that  for  these  two  firings,  the  gas  generator  valve 

+5 

oxidizer  poppet  delay  time  was  lengthened  to  150  _q  msec  (140  msec 

is  the  nominal  delay).  Firing  06A  utilized  an  Avica  gas  generator  sup¬ 
ply  line,  whereas  firing  10A  utilized  an  Anaconda  supply  line.  Gas 
generator  outlet  temperature  first  peak  on  firing  06A  was  790°F  higher 
than  on  firing  10A.  However,  oxidizer  dome  prime  and  main-stage 
operation  were  attained  at  essentially  the  same  times  on  both  firings. 

4.1.9  Firing  J4-1 901  -1  OB 


4. 1.9.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  6-hr  orbital  coast  to  evaluate  the  engine  start  transient  utilizing 
helium  (1200  psia,  50°F)  as  the  start  tank  pressurant. 

4.1. 9. 2  Results 

The  firing  of  7.  6- sec  duration  following  a  7.  9- sec  fuel  lead  was 
successfully  accomplished,  and  all  test  objectives  were  met.  Tem¬ 
perature  histories  of  thermally  conditioned  engine  components  are  shown 
in  Fig.  37.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  38. 
Fuel  pump  start  transient  performance  is  shown  in  Fig.  39.  Engine 
ambient  and  combustion  chamber  pressures  experienced  during  the  firing 
are  shown  in  Fig.  40.  Pressure  altitude  at  engine  start  was  100,  000  ft. 

Start  transient  data  for  this  firing  were  normal  and  generally  con- 
sistant  with  firings  utilizing  hydrogen  at  the  same  pressure  level  as  a 
start  tank  pressurant.  Gas  generator  initial  peak  temperature  was 
740°F;  no  second  peak  was  experienced.  Oxidizer  dome  prime  occurred 
at  to  +  1.  117  sec;  main- stage  operation  was  obtained  at  to  +  3.055  sec. 
Initial  main  oxidizer  valve  second- stage  movement  occurred  at 
to  +  1.  010  sec.  Approximately  28  msec  of  excessive  ertgine  vibration 
(VSC)  occurred  during  oxidizer  dome  prime.  The  propellant  utilization 
valve  remained  open  as  scheduled  for  the  duration  of  the  firing.  The 
remaining  firings  of  this  test  period  were  cancelled  because  of  an  aug¬ 
mented  spark  igniter  ignition  detect  probe  failure. 


4.1.10  Firing  J4-1901-11A 
4.1.10.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  first  burn  to  evaluate 
gas  generator  temperature  transient  using  an  Avica  (S/N  045)  gas  gen¬ 
erator  oxidizer  supply  line. 
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4.1.10.2  Results 

The  firing  of  32.  6- sec  duration  following  a  3.  0-sec  fuel  lead  was 
successfully  accomplished,  and  all  objectives  were  met.  Temperature 
histories  of  thermally  conditioned  engine  components  are  shown  in 
Fig.  41.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  42. 
Fuel  pump  start  transient  performance  is  shown  in  Fig.  43.  Engine 
ambient  and  combustion  chamber  pressures  experienced  during  the  fir¬ 
ing  are  shown  in  Fig.  44.  Pressure  altitude  at  engine  start  was 
84,  000  ft. 

Maximum  gas  generator  transient  temperature  was  1810°F  (first 
peak).  Oxidizer  dome  prime  occurred  at  to  +  0.  986  sec,  initial  main 
oxidizer  valve  second-stage  movement  occurred  at  to  +  1.  046  sec,  and 
main- stage  operation  was  attained  at  tg  +  1.  885  sec.  The  scheduled 
propellant  utilization  valve  excursion  from  null  to  closed  was  completed 
at  to  +  11.3  sec. 

4.1.11  Firing  J4-1901-11B 

4.1.11.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  80-min  orbital  coast  to  evaluate  gas  generator  temperature  tran¬ 
sients  with  minimum  fuel  pump  inlet  pressure. 

4.1.11.2  Results 

The  firing  of  7.  6- sec  duration  following  a  7.  9- sec  fuel  lead  was 
conducted  30  min  after  firing  11A,  and  all  objectives  were  met.  Tem¬ 
perature  histories  of  thermally  conditioned  engine  components  are  shown 
in  Fig.  45.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  46. 
Fuel  pump  start  transient  performance  is  shown  in  Fig.  47.  Engine 
ambient  and  combustion  chamber  pressures  experienced  during  the  fir¬ 
ings  are  shown  in  Fig.  48.  Pressure  altitude  at  engine  start  was 
101,000  ft. 

Gas  generator  first  and  second  peak  temperatures  were  1870  and 
1920°F,  respectively.  Oxidizer  dome  prime  occurred  at  tg  +  0.948  sec, 
main  oxidizer  valve  initial  second- stage  movement  occurred  at 
tg  +  1.  074  Sec,  and  main-stage  operation  was  attained  at  tg  +  2.  012  sec. 
Approximately  8  msec  of  excessive  engine  vibration  occurred  at  oxidizer 
dome  prime.  The  propellant  utilization  valve  remained  in  the  open 
position  as  scheduled  for  the  firing  duration. 
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Comparison  of  significant  start  conditions  for  firings  09C  and  11B 
is  shown  below: 


Test  Number 

09C 

11B 

Fuel  Pump  Inlet 

Pressure,  psia 
Temperature,  °F 

26.  9 
-421.  4 

27.  1 
-420.  8 

Oxidizer  Pump 
Inlet 

Pressure,  psia 
Temperature,  “F 

45.  2 
-295.  1 

45.  2 
-295.  1 

Start  Tank 

Pressure,  psia 
Temperature,  °F 

WESm 

Thrust  Chamber  Average 

Temperature  at  tg,  °F 

-284 

-261 

Crossover  Duct  Temperature,  “F 
(TFTD-2,  -3,  and  -8,  respectively) 

427,  171, 
and  423 

391,  165, 
and  432 

Gas  Generator  Oxidizer  Supply  Line 

Anaconda 

Avica 

4.1.12  Firing  J4-1901-1 1C 


4.1.12.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  with  a  simu¬ 
lated  gas  generator  fuel  poppet  leak. 

4.1.12.2  Results 

The  firing  of  32.  6- sec  duration  following  an  8.  0-sec  fuel  lead  was 
successfully  accomplished,  and  the  test  objective  was  met.  Tempera¬ 
ture  histories  of  thermally  conditioned  engine  components  are  shown 
in  Fig.  49.  Engine  start  and  shutdown  transients  are  shown  in  Fig.  50. 
Fuel  pump  start  transient  performance  is  shown  in  Fig.  51.  Engine 
ambient  and  combustion  chamber  pressures  experienced  during  the  fir¬ 
ing  are  shown  in  Fig.  52.  Pressure  altitude  at  engine  start  was 
99,  000  ft. 

Gas  generator  first  peak  temperature  was  1480°F  with  no  second 
peak  occurring.  Oxidizer  dome  prime  occurred  at  tg  +  1.068  sec, 
initial  main  oxidizer  valve  second- stage  movement  occurred  at 
tg  +  0.  995  sec,  and  main-stage  operation  was  attained  at  to  +  2.916  sec. 
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Approximately  11  msec  of  excessive  engine  vibration  was  experienced 
during  oxidizer  dome  prime.  The  propellant  utilization  valve  excursion 
from  the  open  to  closed  position  was  completed  as  scheduled  at 
tQ  +  11.8  sec. 

4.1.13  Firing  J4-1901-11D 


4.1.13.1  Objective 

The  objective  was  to  perform  an  S-IVB  engine  restart  after  a  simu¬ 
lated  80-min  orbital  coast  to  evaluate  gas  generator  temperature  tran¬ 
sients  with  maximum  fuel  pump  inlet  pressure  and  other  conditions 
identical  to  firing  11B. 

4.1.13.2  Results 

The  firing  of  7.  6- sec  duration  following  an  8.  0-sec  fuel  lead  was 
successfully  accomplished  approximately  30  min  after  firing  11C. 
Temperature  histories  of  thermally  conditioned  engine  components  are 
shown  in  Fig.  53.  Engine  start  and  shutdown  transients  are  shown  in 
Fig.  54.  Fuel  pump  start  transient  performance  is  shown  in  Fig.  55. 
Engine  ambient  and  combustion  chamber  pressures  experienced  during 
the  firing  are  shown  in  Fig.  56.  Pressure  altitude  at  engine  start  was 
106,  000  ft. 

Maximum  gas  generator  temperature  first  and  second  peaks  were 
1800  and  1840°F,  respectively.  Oxidizer  dome  prime  occurred  at 
to  +  0.950  sec.  Initial  main  oxidizer  valve  second-stage  movement 
occurred  at  to  +  1.  110  sec,  and  main-stage  operation  was  attained  at 
tQ  +  2.  019  sec.  The  propellant  utilization  valve  remained  in  the  open 
position  as  scheduled  for  the  duration  of  the  firing. 

Starting  conditions  for  firings  11B  and  11D  compare  closely  except 
for  fuel  pump  inlet  pressure.  Fuel  pump  inlet  pressure  was  maximum 
(41  psia)  on  firing  11D  and  minimum  (27  psia)  on  firing  11B.  Gas  gen¬ 
erator  outlet  temperatures  (initial  peaks)  were  essentially  the  same. 

The  second  peak  temperature  of  1920°F  on  firing  11B  was  only  80°F 
higher  than  that  of  firing  11D.  Oxidizer  dome  prime  time  for  the  two 
firings  was  essentially  the  same.  The  time  required  to  attain  main- stage 
operation  differed  by  only  25  msec. 

4.1.14  Firing  J4-1901-11E 

4.1.14.1  Objective 

The  objective  was  to  perform  a  partial  transition  S-IVB  engine  re¬ 
start  aft^r  a  simulated  6- hr  orbital  coast  to  evaluate  engine  start 
transient  with  a  simulated  gas  generator  fuel  poppet  leak. 
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4.1.14.2  Results 


The  firing  of  2.  6- sec  duration  following  a  7.  9-sec  fuel  lead  was 
successfully  accomplished.  Oxidizer  and  fuel  pump  inlet  temperatures 
were  too  warm  by  0.  8  and  0.  4°F,  respectively;  otherwise  test  re¬ 
quirements  were  met.  Temperature  histories  of  thermally  conditioned 
engine  components  are  shown  in  Fig.  57.  Engine  start  and  shutdown 
transients  are  shown  in  Fig.  58.  Fuel  pump  start  transient  performance 
is  shown  in  Fig.  59.  Engine  ambient  and  combustion  chamber  pressure 
experienced  during  the  firing  is  shown  in  Fig.  60.  Pressure  altitude  at 
engine  start  was  106,  000  ft. 

Gas  generator  first  peak  temperature  was  230°F  with  no  second 
peak  occurring.  Oxidizer  dome  prime  occurred  at  tg  +  1.  162  sec,  and 
main  oxidizer  valve  second- stage  initial  movement  occurred  at 
tg  +  1.  009  sec.  Approximately  19  msec  of  excessive  engine  vibration 
(VSC)  was  experienced  during  oxidizer  dome  prime.  The  propellant 
utilization  valve  remained  in  the  open  position  as  scheduled  for  the  dura¬ 
tion  of  the  firing. 

The  oxidizer  turbine  bypass  valve  exhibited  an  abnormal  opening 
sequence  after  shutdown  on  this  firing.  After  a  delay  of  350  msec,  the 
valve  opened  approximately  35  percent,  then  returned  to  the  closed 
position.  At  13.  26  sec  after  shutdown,  the  valve  started  to  open,  re¬ 
quiring  a  3.  17-sec  opening  time. 

4.1.15  Firing  J4.190M1F 

4.1.15.1  Objective 

The  objective  was  to  perform  a  partial  S-IVB  engine  restart  after 
a  simulated  6-hr  orbital  coast  to  evaluate  the  effects  of  reduced  start 
tank  pressure  (600-psia)  on  engine  start  transients. 

4.1.15.2  Results 

The  firing  (programmed  to  terminate  at  main- stage  signal)  was  pre¬ 
maturely  terminated  at  to  +  1.26  sec  by  the  fuel  pump  stall  approach 
monitor.  Test  requirements  were  satisfied  except  for  oxidizer  pump  inlet 
conditions  which  were  3.  4  psi  high  and  1.  5°F  warm.  Temperature  his¬ 
tories  of  thermally  conditioned  engine  components  are  shown  in  Fig.  61. 
Engine  start  and  shutdown  transients  are  shown  in  Fig.  62.  Fuel  pump 
start  transient  performance  is  shown  in  Fig.  63.  Engine  ambient  and 
combustion  chamber  pressures  experienced  during  the  firing  are  shown 
in  Fig.  64.  Pressure  altitude  at  engine  start  was  107,  000  ft. 
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Gas  generator  initial  peak  temperature  was  1560°F  with  no  second 
peak  occurring.  Oxidizer  dome  prime  occurred  at  tp  +  1.  156  sec,  and 
initial  main  oxidizer  valve  second- stage  movement  occurred  at 
to  +  1.  017  sec.  The  propellant  utilization  valve  remained  in  the  open 
position  as  scheduled  for  the  duration  of  the  firing. 

Prior  to  test  period  10,  the  stall  approach  monitor  cutoff  level 
was  reduced  to  approximately  3000  ±175  gpm.  At  engine  cutoff  signal, 
fuel  flow  and  stall  margin  were  3360  and  700  gpm,  respectively. 


4.2  ENGINE  OPERATION  WITH  REDUCED  START  TANK  PRESSURE 

Start  tank  pressures  of  600,  600,  800,  and  1000  psia  at  engine  start 
were  utilized  for  firings  11F,  09F,  09D,  and  09B,  respectively.  The 
effects  of  the  reduced  start  tank  pressures  on  pump  speeds,  fuel  pump 
stall  margin  during  start  tank  discharge,  and  oxidizer  dome  prime 
time  are  shown  in  Fig.  65.  Fuel  pump  start  transient  performance  of 
firings  using  600-,  800-,  and  1000-psia  start  tank  pressures  are  com¬ 
pared  in  Fig.  66. 

Oxidizer  pump  peak  speed  resulting  from  start  tank  discharge  and 
the  corresponding  fuel  pump  speed  were  increased  by  21  and  29  percent, 
respectively,  as  start  tank  pressure  was  increased  from  600  to 
1000  psia  at  engine  start.  Oxidizer  dome  prime  time  was  decreased 
from  tg  +  1.  156  sec  (600-psia  start  tank  pressure)  to  to  +  1.  073  sec 
(1000-psia  start  tank  pressure).  Although  test  period  11  used  an  Avica 
gas  generator  oxidizer  supply  line  and  test  period  09  used  an  Anaconda 
line,  investigation  of  data  from  Ref.  2  showed  that  these  different  line 
configurations  had  little  effect  on  oxidizer  dome  prime  time. 

As  shown  in  Fig.  66,  fuel  pump  stall  margin  was  affected  in  both 
the  low-  and  high-speed  regions.  *  Fuel  pump  stall  margin  during  start 
tank  discharge  was  increased  from  1200  to  1700  gpm  as  start  tank  pres¬ 
sure  was  increased  from  600  to  1000  psia.  High-speed  stall  margins  of 
250  and  550  gpm  were  noted  for  start  tank  pressures  of  800  and  1000 
psia,  respectively.  Both  firings  utilizing  a  600-psia  start  tank  pres¬ 
sure  (firings  09F  and  11F)  were  terminated  by  the  stall  approach  monitor 
because  established  safe  engine  operating  limits  were  exceeded. 


4.3  P0ST-.TEST  INSPECTION 

The  augmented  spark  igniter  ignition  detect  probe  was  replaced  after 
test  period  09  for  reliability.  The  probe  was  again  replaced  after  test 
period  10  because  of  a  probe  element  failure. 
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Post-test  10  leak  checks  revealed  fuel  pump  turbine  seal  leakage 
to  be  excessive.  The  fuel  pump  primary,  secondary,  and  turbine 
seals  were  subsequently  replaced. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  14  firings  of  the  Rocketdyne  J-2  rocket  engine 
conducted  between  September  4  and  24,  1968,  in  Test  Cell  (J-4)  are 
summarized  as  follows: 

1.  Two  engine  firings  were  successfully  accomplished  utilizing 
start  tank  pressures  of  800  and  1000  psia.  Two  firings  with 
a  600-psia  start  tank  pressure  were  terminated  prematurely 
since  established  safe  engine  operating  limits  were  exceeded. 

2.  Test  results  indicate  that  gas  generator  oxidizer  supply  line 
internal  configuration  differences  produced  initial  peak  tem¬ 
peratures  which  differed  between  500  and  760°F.  No  other 
significant  effects  were  noted. 

3.  Two  firings  were  successfully  accomplished  using  (1200-psia, 
+50°F)  helium  as  a  start  tank  pressurant.  Start  transient  data 
appeared  to  be  normal  and  consistant  with  firings  utilizing 
hydrogen,  at  the  same  pressure  level,  as  a  start  tank  pres¬ 
surant. 

4.  Two  firings  were  successfully  conducted  utilizing  a  simulated 
gas  generator  fuel  poppet  leak  as  an  additional  test  require¬ 
ment.  As  a  consequence,  extremely  cold  crossover  duct,  tur¬ 
bine,  and  thrust  chamber  temperatures  resulted  in  compara¬ 
tively  slow  gas  generator  and  main  chamber  pressure  buildup. 
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c.  Gas  Generator  Oxidizer  Supply  Line  Assembly,  Anaconda  (P/'N  408710,  S/N  3729063) 


d.  Gas  Generator  Oxidizer  Supply  Line  Assembly,  Avica  (P/N  NA5-2601 13,  S/N  045) 

Fig.  3  Concluded 
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Fig.  8  Continued 
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d.  Helium  Tank 
cig.  8  Concluded 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 


TIME.  MIN 

b.  Crossover  Duet,  TFTD 


TIME.  MIN 

c.  Thrust  Chomber  Throat,  TTC-1P 

Fig.  9  Thermol  Conditioning  History  of  Engine  Components,  Firing  09A 
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TIME.  SEC 

a.  Thrust  Chamber  Fuel  System,  Start  and  Shutdown 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start  and  Shutdown 
Fig.  10  Engine  Transient  Operation,  Firing  09A 
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TIME.  SEC 

Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start  and  Shutdown 


TIME.  SEC 

d.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start  and  Shutdown 

Fig.  10  Concluded 
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Fig.  11  Fu«l  Pump  Start  Transient  Performance,  Firing  09A 
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Fig.  12  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  09A 


PUMP  SPEED.  RPM  X  IO"3  PUMP  SPEED.  RPM  X  10' 


AEDC-TR.68.272 


TIME.  SEC 


a.  Thrust  Chamber  Fuel  System,  Start 


10 

B 

6 

4 

2 

0 


0  i  i  <  i  — i _ i - 1 _ i _ i _ i ..  i _ i _ i _ i _ i _ i 

0  12  3 


TIME.  SEC 


b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  14  Engine  Transient  Operation,  Firing  09B 


45 


AEDC-TR-68-272 


o 

X 


CL 

QC 


CL 

c n 


cl 

31 

CL 


CL 

QC 


CL 

ID 


CL 

2= 

ZD 

CL 


d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  14  Continued 
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TIME.  SEC 

g.  Gas  Generator  Injector  Pressures,  Shutdown 
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h.  Gas  Generator  Cnamber  Pressure  and  Temperature,  Shutdown 
Fig.  14  Concluded 
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Fig.  15  Fuel  Pump  Sturt  Transient  Performance,  Firing  09B 
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Fig.  16  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  09B 
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TIME.  MIN 

a.  Main  Oxidizer  Volve  Second-Stage  Actuator,  TSOVC-1 


TIME.  MIN 

b.  Crossover  Duct,  TFTD 


TIME.  MIN 


Fig.  17 


c.  Thrust  Chamber  Throat,  TTC-1P 
Thermal  Conditioning  History  of  Engine  Components,  Firing  09C 
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a.  Thrust  Chamber  Fuel  System,  Start 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  18  Engine  Transient  Operation,  Firing  09C 
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c.  Thrust  Chamber  Fuel  System,  Shutdown 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  18  Continued 
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Fig.  19  Fuel  Pump  Start  Transient  Performance,  Firing  09C 


AEDC-TR-68-272 


TEMPERATURE.  Of  TEMPERATURE.  °F  TEMPERATURE, 


AEDC*TR<68>272 


-MO  -30  -20  -10  0 


TIME.  MIN 

a.  Main  Oxidixer  Valve  Second-Stage  Actuator,  TSOVC-1 


200 


100 


-TFTD-8 

CO 

VOITIOt 

UNO  TA 

{GET,  + 

50*25° 

K 

A 

-TFTD-i 

_ 

□ 

% 

tr 

1 

FTD-2- 

-ICO 


-200 


OXIDIZER  TURBINE-, 


TFTD-8 


CROSSOVER  DUCTJ  mD"3  AND  4 
_J _ I _ I  I  I _ 


-2N  -20  -16  -12 


-8 


TIME.  MIN 

b.  Crossover  Duct,  TFTD 


c.  Thrust  Chamber,  TTC-1P 

Fig.  21  Thermal  Conditioning  History  of  Engine  Components,  Firing  09D 
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a.  Thrust  Chamber  Fuel  System,  Start 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  22  Engine  Transient  Operation,  Firing  09D 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  22  Continued 


TEMPERATURE.  °F  POSITION.  PERCENT  OPEN 


AEDC-TR. 68-272 


TIME.  SEC 


e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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TIME.  SEC 

f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  22  Continued 
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Fig.  23  Fuel  Pump  Start  Transient  Performance,  Firing  09D 
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Fig.  24  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  09D 
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a.  Thrust  Chamber  Fuel  System 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  26  Engine  Transient  Operation,  Firing  09E 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  26  Continued 
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TIME.  SEC 

e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 


0  12  3 


TIME,  SEC 

I.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  26  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 


TIME,  SEC 

h.  Gas  Generator  Chamber  Pressure  and  Temperature.  Shutdown 
Fig.  26  Concluded 
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Fig.  27  Fuel  Pump  Start  Transient  Performance,  Firing  09E 
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Fig.  28  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  09E 


A  E  DC-TR-68-272 
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a.  Thrust  Chamber  Fuel  System,  Start  and  Shutdown 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start  and  Shutdown 
Fig.  30  Engine  Transient  Operation,  Firing  09F 
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d.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start  and  Shutdown 
Fig.  30  Concluded 
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Fig.  31  Fuel  Pump  Start  Transient  Performance,  Firing  09F 
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Fig.  32  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  09F 
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a.  Thrust  Chamber  Fuel  System,  Start 


TIME.  SEC 


b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  34  Engine  Transient  Operation,  Firing  10A 
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c.  Thrust  Chamber  Fuel  System,  Shutdown 


d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  34  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 
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h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  34  Concluded 
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Fig.  35  Fuel  Pump  Start  Transient  Performance,  Firing  10A 
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Fig.  36  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  10A 
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a.  Main  Oxidirer  Valve  Second-Stage  Actuator,  TSOVC-1 


TIME.  MIN 

b.  Crossover  Duct,  TFTD 


TIME,  MIN 

c.  Thrust  Chamber,  TTC-1P 

Fig.  37  Thermal  Conditioning  History  of  Engine  Components,  Firing  10B 
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OXIDIZER  PUMP 
SPEED,  N0P-1R-' 


-CHAMBER 
'PRESSURE,  PC-3' 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  38  Engine  Transient  Operation,  Firing  10B 
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c.  Thrust  Chamber  Fuel  System,  Shutdown 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  38  Continued 
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TEMPERATURE.  °F  POSITION.  PERCENT  OPEN 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  38  Continued 
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NOTE:  STALL  INCEPTION  LINE  IS  BASED  ON 
TOTAL  HEAD  RISE  ACROSS  THE  PUMP 
THE  DATA  PLOTTED  ARE  PUMP  DIS¬ 
CHARGE  STATIC  PRESSURE  CONVERTE 
TO  HEAD.  DATA  ARE  FROM  FMSYSTEI 
FOR  THE  INITIAL  3  SEC  OF  ENGINE 
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Fig.  39  Fuel  Pump  Start  Transient  Performance,  Firing  10B 
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CHAMBER  PRESSURE.  PS  I A 
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Fig.  40  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  10B 
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TIME,  MIN 

a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOYC-1 


TIME.  MIN 

b.  Crossover  Duct,  TFTD 


TIME,  MIN 


c.  Thrust  Chamber,  TTC-1P 

Fig.  41  Thermal  Conditioning  History  of  Engine  Components,  Firing  11A 
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PUMP  SPEED,  RPM  X  10'3  PUMP  SPEED.  RPM  X  10'3 
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0  12  3 


TIME.  SEC 

a.  Thrust  Chamber  Fuel  System,  Start 


0  12  3 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  42  Engine  Transient  Operation,  Firing  HA 


92 


PUMP  SPEED.  RPM  X  10'3  PUMP  SPEED.  RPM  X  10'3 


AEDC.TR. 68-272 


TIME.  SEC 

c.  Thrust  Chamber  Fuel  System,  Shutdown 


d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  42  Continued 
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TEMPERATURE.  °F  POSITION.  PERCENT  OPEN 
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TIME.  SEC 

e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  42  Continued 
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TEMPERATURE,  °F 
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TIME.  SEC 

g.  Gas  Generator  Injector  Pressures,  Shutdown 


TIME.  SEC 

h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  42  Concluded 
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FLOW',  QF-2.  GPM  X  10'3 

Fig.  43  Fuel  Pump  Start  Transiant  Performance,  Firing  11A 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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c.  Thrust  Chamber,  TTC-1P 

Fig.  45  Thermal  Conditioning  History  of  Engine  Components,  Firing  1 1 B 
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PUMP  SPEED.  RPM  X  10‘3  PUMP  SPEEO.  RPM  X  Id'3 
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0  12  3 


TIME.  SEC 

a.  Thrust  Chamber  Fuel  System,  Start 


0  12  3 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.-46  Engine  Transient  Operation,  Firing  1TB 
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PUMP  SPEED.  RPM  X  10'3  PUMP  SPEED.  RPM  X  10'3 


AEDC.TR. 68-27  2 


TIME.  SEC 

c.  Thrust  Chamber  Fuel  System,  Shutdown 


TIME.  SEC 

d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  46  Continued 
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TEMPERATURE.  °F  POSITION,  PERCENT  OPEN 
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«.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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TIME.  SEC 

f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  46  Continued 
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TEMPERATURE.  °F 
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TIME.  SEC 


g.  Go s  Generator  Injector  Pressures,  Shutdown 


TIME.  SEC 


h.  Gas  Generator  Chamber  Pressure  and  Temperoture,  Shutdown 
Fig.  46  Concluded 
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flow.  qf-2.  gpm  x  10-3 

Fig.  47  Fuel  Pump  Start  Transient  Performance,  Firing  1 1 B 
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o.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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c.  Thrust  Chamber,  TTC- IP 

Fig.  49  Thermal  Conditioning  History  of  Engine  Components,  Firing  1 1C 
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PUMP  SPEED.  RPM  X  10‘3  PUMP  SPEED.  RPM  X  10° 
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0  12  3 

TIME,  SEC 

a.  Thrust  Chamber  Fuel  System,  Start 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  50  Engine  Transient  Operation,  Firing  1 1C 
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PUMP  SPEEO,  RPM  X  10'3  PUMP  SPEED,  RPM  X  10"3 
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TEMPERATURE,  °F  POSITION.  PERCENT  OPEN 
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TIME,  SEC 

e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 


0  12  3 

'  TIME,  SEC 

f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  50  Continued 
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TEMPERATURE.  °F 


A E  DC-TR -66-272 


TIME.  SEC 

g.  Gas  Generator  Injector  Pressures,  Shutdown 


TIME,  SEC 

h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  50  Concluded 


109 


HEAD,  HF-1.  FT  X  lO^ 


40 


NOTE:  STALL  INCEPTION  LINE  IS  BASED  ON 
TOTAL  HEAD  RISE  ACROSS  THE  PUMP 
THE  DATA  PLOTTED  ARE  PUMP  DIS¬ 
CHARGE  STATIC  PRESSURE  CONVERTI 

— 

/ 

7 

ED 

/ 

F 

1 

u  ntsui. 
:0R  THE  1 
RANSIEN 

UMIn  fth 

NITIAL3 
1 0PERA1 

ct  i-Kurn  t-m  ayaitm  > 

SEC  OF  ENGINE  /C 

riON  / 

Y 

STALL 

REGION 

% 

SAFE 

HDCDA 

T1MP 

cl 

Y 

UrtKfl 

REG  1C 

1  ll\lu 

N 

— 

** 

30 


20 


10 


4  6 

FLOW,  QF-2,  GPM  X  10'3 


8 


10 


Fig.  51  Fuel  Pump  Start  Transient  Performance,  Firing  1 1C 
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c.  Thrust  Chamber,  TTC-IP 

Fig.  53  Thermal  Conditioning  History  of  Engine  Components,  Firing  1 1D 
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PUMP  SPEED.  RPM  X  10'3  PUMP  SPEED.  RPM  X  10'3 
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TIME.  SEC 

a.  Thrust  Chamber  Fuel  System,  Start 


0  12  3 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  54  Engine  Transient  Operation,  Firing  11D 
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PUMP  SPEED.  RPM  X  10'3  PUMP  SPEED.  RPM  X  10'3 
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TIME.  SEC 

c.  Thrust  Chamber  Fuel  System,  Shutdown 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig.  54  Continued 
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TEMPERATURE.  °F  POSITION.  PERCENT  OPEN 
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e.  Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start 
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f.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start 
Fig.  54  Continued 
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g.  Gas  Generator  Injector  Pressures,  Shutdown 
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h.  Gas  Generator  Chamber  Pressure  and  Temperature,  Shutdown 
Fig.  54  Concluded 
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Fig.  55  Fuel  Pump  Start  Transient  Performance,  Firing  11D 
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Fig.  56  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  1 1 D 
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a.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-1 
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c.  Thrust  Chamber,  TTC- IP 

Fig.  57  Thermal  Conditioning  History  of  Engine  Components,  Firing  1 1 E 
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PUMP  SPEED.  RPM  X  10'3  PUMP  SPEED.  RPM  X  10‘3 
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TIME,  SEC 

a.  Thrust  Chamber  Fuel  System,  Start  and  Shutdown 


TIME.  SEC 


b.  Thrust  Chamber  Oxidizer  System,  Start  and  Shutdown 
Fig.  58  Engine  Transient  Operation,  Firing  HE 
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TIME.  SEC 

Gas  Generator  Injector  Pressures  and  Main  Oxidizer  Valve  Position,  Start  and  Shutdown 
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d.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start  and  Shutdown 

Fig.  58  Concluded 
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Fig.  59  Fuel  Pump  Start  Transient  Performance,  Firing  11E 


AEDC.TR. 68-272 


TEMPERATURE.  °F  TEt*>£RATURE .  «F  TEMPERATURE.  °f 


AEDC-TR.68-272 


TIME.  HIN 

a.  Main  Oxidizer  Valve  Second*Stage  Actuator,  TSOVC*l 
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b.  Crossover  Duct,  TFTD 


c.  Thrust  Chamber,  TTC- IP 

Fig.  61  Thermal  Conditioning  History  of  Engine  Components,  Firing  11 F 
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PUMP  SPEEO,  RPM  X  10‘3  PUMP  SPEEO.  RPM  X  10‘3 
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TIME,  SEC 

a.  Thrust  Chamber  Fuel  System,  Start  and  Shutdown 


TIME.  SEC 

b.  Thrust  Chamber  Oxidizer  System,  Start  and  Shutdown 
Fig.  62  Engine  Transient  Operation,  Firing  11F 
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d.  Gas  Generator  Chamber  Pressure  and  Temperature,  Start  and  Shutdown 
Fig.  62  Concluded 
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Fig.  43  Fuel  Pump  Start  Transient  Performance,  Firing  11 F 
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Fig.  65  Start  Tank  Pressure  Effects  on  Engine  Start  Transient  Performance 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

P/N 

S/N 

Augmented  Spark  Igniter  Assembly 

3 09 360- 91 

4071414 

Augmented  Spark  Igniter  OxLdLzer 
Valve 

308880 

4079065 

Aux.lLery  Fl.ght  Instrumentation 
Package 

704090-21 

4075163 

Electrical  Control  Package 

502670-51 

40bl748 

Fuel  Bleed  Valve 

309034 

4084042 

Fuel  Flowmeter 

251225 

4074110 

Fuel  Injector  Temperature 
Transducer 

NA5-27441 

AA013283F66 

Fuel  Turbopurr.p  Assembly 

480390-181 

4073647 

Gas  Generator  Control  Valve 

309040-31 

4078292 

Gas  Generator  Fuel  Injector  and 
Combustor  Assembly 

308360-11 

4080408 

Gas  Generator  Oxidizer  Injector 
and  Poppet  Assembly 

303323 

4092975 

Helium  Control  Valve 

NA5-27273 

372452 

Helium  Regulator  Assembly 

558130-111 

4CG1139 

Helium  Tank  Vent  Control  Valve 

NA5-27273 

379313 

Ignition  Phase  Control  Valve 

558069 

8313398 

Main  Fuel  Valve 

409920 

4074288 

Main  Oxidizer  Valve 

411031-21 

4072666 

Ma.r.-  Stage  Control  Valve 

558069 

8284312 

Oxidizer  Bleed  Valve 

309029 

(Tests  09  and  10) 

4C84035 

309029  (Test  11) 

4078081 

Oxidizer  Flowmeter 

251216 

4075154 

Oxidizer  Turbine  Bypass  Valve 

409940 

4073096 

Oxidizer  Turbopump  Assembly 

458175-111 

6610105 

Pres  sure- Actuated  Purge  Control 
Valve 

558126 

4073862 

Pressure- Actuated  Shutdown 

Valve  Assembly 

558127-11 

4074549 

Primary  Flight  Instrumental. on 
Package 

704095-21 

4074730 

Propellant  Uti'izat.on  Valve 

251351-51 

4075182 

Restartable  Ignition  Detect  Probe 

NA5-27298T2 

(Test  09) 

203 

NA5-27298T2 
(Test  10) 

315 

3243-2 
(Test  11) 

040 

Start  Tan* 

307579 

0098 

Start  Tank  Discharge  Valve 

304386 

4086957 

Start  Tank  Fill/ Refill  Valve 

557998 

4091617 

Start  Tank  Vent  and  Relief  Valve 

557848 

4080517 

Thrust  Chamber  Body 

15-205875 

4062445 

Thrust  Chamber  Injector 

Assembly 

XEOR-933703 

4089721 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice  Name 

Diameter 

Date  Effective 

Comments 

Gas  Generator  Fuel 

Supply  Line 

RD251-4107 

0.  488  in. 

July  15,  1968 

Gas  Generator  Oxidizer 
Supply  Line 

RD251-4106 

0.  284  in. 

July  15,  1968 

Oxidizer  Turbine  Bypass 
Valve  Nozzle 

RD273-8002 

1.  520  in. 

July  15,  1968 

Main  Oxidizer  Valve 
Closing  Control  Line 

410437 

410437-088 

410437-084 

8.  40  scfm 

8.  75  scfm 

8.  40  scfm 

August  16,  1968 
September  5,  1968 
September  13,  1968 

Thermostatic 

Orifice 

Oxidizer  Turbine  Exhaust 
Manifold 

RD251-9004 

10.  00  in. 

(1) 

Augmented  Spark  Igniter 
Oxidizer  Supply  Line 

309358 

0.  125  in. 

June  9,  1968 

Augmented  Spark  Igniter 
Fuel  Supply  Line 

309355 

0.  302  in. 

August  1,  1968 

delivered  to  AEDC 
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TABLE  III 

ENGINE  MODIFICATIONS 
(BETWEEN  TESTS  J4-190I-09  AND  J4-1901-11) 


Modification 

Number 

Complet  ion 
Date 

Description  of  Modification 

Test  J4- 1901-09 

9/4/68 

RFD1-AEDC-46-68 

RFD-AEDC-42-68 

RFD-AEDC- 19-68 

9/5/68 

9/5/68 

9/5/68 

Gas  Generator  Fuel  Poppet  Leakage 
Simulation  Capability 

Changes  to  Gas  Generator  Oxidizer  Valve 

+  5 

Opening  Time  (150  _q  Delay) 

Changes  to  Main  Oxidizer  Valve  Second- 
Stage  Opening  Time  (1650  + 

Test  J4-1901-10 

9/12/68 

RFD-AEDC- 12-68 

9/13/68 

Changes  to  Main  Oxidizer  Valve  Second- 

+20 

Stage  Opening  Time  (1700  1Q) 

RFD-AEDC- 45- 68 

9/13/68 

Deleted  Insulation  of  Augmented  Spark 
Igniter 

RFD-AEDC-42-68 

9/13/68 

Deleted  Changes  to  Gas  Generator 

Oxidizer  Valve 

Test  J4- 1901-1 1 

9/24/68 

iRFD-  Rocketdyne  Field  Directive 
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TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1901-09  AND  J4-1901-11) 


Replacement 

Completion 

Date 

Component  Replaced 

Test  J4- 1901-09 

9/4/68 

UCR1  005162 

9/5/68 

Augmented  Spark  Igniter  Ignition 
Detector  Probe 

Test  J4-  1901-10 

'  9/12/68 

9/13/68 

Oxidizer  Bleed  Valve 

9/13/68 

Gas  Generator  Oxidizer  Supply  Line 

9/13/68 

Oxidizer  Bleed  Valve  Temperature 
Transducer 

UCR  005163 

9/18/68 

Augmented  Spark  Igniter  Ignition 
Detector  Probe 

UCR  005170 

9/18/68 

Fuel  Turbine  Shaft  Seal 

9/18/68 

Fuel  Turbopump  Primary  Shaft  Seal 

UCR  005170 

9/18/68 

Fuel  Turbopump  Intermediate  Shaft 
Seal 

Test  J4- 1901- 11 

9/24/68 

1UCR  -  Unsatisfactory  Condition  Report 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


CO 

cn 


t  -  60 


t  -  30 


t  -  20  t  -  10 


Turbopump  and  Gas 
Generator  Purge 
(Purge  Manifold 
System) 

Oxidizer  Dome  and 
Gas  Generator  Liquid 
Oxygen  Injector 
(Engine  Pneumatic 
System) 


Conditioning  temperature  to  be  maintained  for  the  last  30  min  of  pre-fire. 
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TABLE  VI 

SUMMARY  OF  TEST  R  EQUIREMENTS  AND  RESULTS 


Firing  Number;  J4- 1901-9 

A 

B 

c 

D 

E 

F  1 

Target  |  Actual 

Target  |  Actual 

Target  |  Actual 

Target  |  Actual 

Targat  |  Actual 

Target  |  Actual  H 

Time  of  Day.  hr /Firing  Date 

- - 6  /  4  /  68 

1  101_ - - - - '  9/4/66 

1  LAI - - 8/4/6E 

14&I  p  1 i 1  tm 

IfilBV^SSirTffl 

Pres au re  Altitude  at  Engine  Start,  ft  <Ref.  1) 

100.000 

68.000 

100.000 

100.  000 

100,000 

100.000 

100,  000 

101,000 

■nixzm 

Firing  Duration,  aec0 

33.  t> 

1. 249 

32.5 

32.  573 

7.  5 

7.  567 

32.5 

7.5 

7.  587 

_  ] 

Fuel  Pump  Inlet  Conditions 
at  Engine  Start 

Pressure,  pals 

3a.  0*  1 

33.  6 

34.0  ±  1 

33.  7 

26.  9 

E3K9 

33.4 

41.0  ±  1 

40.7 

»-ot; 

”■ 

Temperature,  *F 

-421.  4  ±  0.  4 

-421.4 

•421.  4  ±  0.  4 

•421.6 

•421.4  ±  0.4 

-421.4 

•421.4  ±0.4 

-421.  7 

-421.4  ±0.4 

•421.  3 

-421.  4  ±  0.  4 

-421.  1 

Oxldiaer  Pump  Inlet 

Condition  at  Engine  Start 

Prsasura,  pal* 

40.  0  t  1 

as.  4 

40.  0  ±  1 

39.  6 

<s.  0  *-l 

45.2 

<0.0  tl 

38.3 

<o-o  :j 

45.0 

40.  0  ±  1 

39.0 

Temperature,  *F 

-295.0  ±0.4 

-2S5.  3 

•285.  0  ±  0.4 

-295.3 

•285.0  ±0.4 

-295.  1 

-296.  0  ±  0. 

-295.0 

-285.0  ±0.4 

-284.6 

-294.8 

Start  Tank  Conditions  at 
Engine  Start 

Pressure,  pala 

1200  ±  10 

1185 

997 

1296 

Kill 

780 

1300  ±  10 

1300 

^3 

602 

450  *  25 

♦  42 

-324 

-265  ±  10 

-272 

MB 

226 

-265  ±  10 

-266 

224 

Helium  Tank  Conditions 
at  Engine  Start 

Preaaura,  pala 

... 

2106 

... 

2205 

2116 

... 

2169 

2156 

... 

2163 

Temparatura,  *F 

... 

♦  41 

... 

-211 

... 

-262 

... 

-217 

-259 

... 

-221 

Thruet  Chamber  Temperature 
Condition#  at  Engine  Start/t<),  *F 

Throat 

-50  t  25 

-58 

-50  ±  25 

-61 

450  ±  26 

482 

-50  ±  25 

-58 

♦  89 

•50  ±  25 

-54 

m 

-67/-351 

... 

-72/ -365 

... 

♦21/-264 

-71/-355 

♦27/-S34 

... 

-71/-347 

Crossover  Duct  Temperature 
at  Engln*  Start,  *F® 

«50  ±  25 

♦  45 

♦  44 

... 

4427 

+43 

... 

♦  430 

♦  50  ±  25 

♦37 

2ED 

♦  50  ±  25 

♦58/*57 

♦  50  ±  25 

♦55/ +57 

MBEi 

4171/+171 

’M,z> 

+52/+66 

♦171/4173 

♦50  ±  25 

♦43/448 

TFTD-6 

♦  50  ±  25 

♦  45 

♦  50  ±  25 

♦  45 

•  — 

4423 

+51 

♦  424 

♦  50  ±  25 

♦  50 

Main  Oxidizer  Valve  Second-Stage  Actuator 
Tamperaturc  at  Engine  Start.  *F® 

-150  ±  50 

-121 

-150  i  50 

-150 

-150  ±  50 

-160 

-150  ±  60 

-176 

-150  ±  60 

-167 

-150  ±  50 

-169 

Fuel  Lead  Tlmef  aec® 

6.0 

7.820 

8.0 

7.824 

6.0 

7.932 

6.0 

7.936 

6.0 

7.937 

8.0 

7.  932 

Propellant  in  Engine  Time,  min 

© 

83 

© 

30 

... 

30 

© 

196 

--- 

26 

© 

60 

Propellant  Recirculation  Time,  min 

10 

10 

10 

10 

10 

10 

10 

10 

■oa 

10 

10 

10 

Start  Sequence  Logic 

Normal 

Normal 

Normal 

Normal 

iesehm 

B23H3M 

Normal 

Oas  Generator  Oxidizer  Supply  Line 
Temperature  at  Engine  Start,  *F 

-100 

♦  aa 

-100 

415 

-100 

-5 

-100 

♦  13 

-100 

-ii 

-100 

-1 

TOBS  2 

Minimum 

+23 

Minimum 

414 

Minimum 

0 

Minimum 

416 

Minimum 

-6 

Minunum 

♦  13 

1 

4  40 

1 

4  35 

I 

424 

1 

♦  33 

1 

♦  15 

1 

♦  34 

Start  Tank  Discharge  Valve  Opening  Control  e 
Temparatura  at  Engine  Start,  9F 

... 

♦  30 

... 

-21 

... 

-16 

-31 

... 

-43 

... 

Vibration  Safety  Counts  Duration  (msec) 
and  Occurrence  Time  (aec)  from  tg 

><r 

38 

^^n.073 

20 

1  084 

^>^£*44 

23 

^^1.0»6 

Gas  Generator  Outlet 

Temperature.  *F 

... 

652 

... 

829 

... 

1271 

... 

889 

1353 

... 

• 

-  - 

... 

... 

1533 

... 

... 

1862 

... 

Thrust  Chamber  Ignition  (Pc  •  100  psiai  Tune, 
cec  (Ref.  t<))® 

... 

1.075 

... 

1.073 

... 

0.945 

1.102 

... 

0.847 

... 

Main  Oxidizer  Valve  Second-Staga  Initial 

Movement,  aec  (Ref.  to)® 

... 

1.005 

1.014 

... 

1.  100 

... 

1.011 

... 

1.  114 

... 

Main-Stage  Preaeute  No.  2.  aec  (Haf.  Iq)(D 

... 

... 

2.  006 

1.  669 

... 

2.092 

- 

1.680 

... 

Time  Chamber  Preasure  Attains  550  pala,  sac 
(Ref.  t0> 

... 

... 

2.658 

... 

2.  056 

... 

2.  741 

... 

2.058 

... 

-  _ _ _ 

Propellant  Utilization  Valve  Position, 

Engine  Start  /tg  4  10  sec 

Open 

Open 

^^■'Ooaed 

Open^^^” 

Notes: 


®D»tm  reduced  from  oscillogram. 

® Component  conditioning  to  be  maintained  within  limit  a 
for  lut  IS  min  before  engine  atmrt. 

©Component  conditioning  to  ba  maintained  within  limits 
for  last  30  min  before  angina  at  art  or  coast  duration, 
whichever  is  longer. 

©Propellant*  In  engine  tlm*  ara  dependent  on  main  ovldizar 
valve  temperature  (30-mln  minimum). 
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TABLE  VI  (Continued) 


taring  Number-  J4-1901  - 10 

A 

B 

Target  |  Actual 

Target  |  Actual 

Time  of  Day,  hr  /Firing  Data 

1154 - - - - 9,  12/68 

1255  _ 9/12/6711 

||  Pressure  Altitude  at  Engina  Start,  ft  (Ref.  1) 

10G.  000 

SI,  000 

too,  000 

mi 

||  Firing  Duration.  *  *c<D 

- - O - 

7,  5 

7.5B2 

Fuml  Pump  lnimt  Conditions 
at  Engina  Start 

Prasaura,  psia 

■I.W 

26.6 

Esm 

27.0 

Tamperatura.  *F 

•421.4  ±0.4 

-421.5 

-421.4  ±0.4 

-421.3 

Oxldiaar  Pump  inlet 

Condition  a  at  Engina  Start 

Presaura,  psix 

33.  0  t  1 

33.6 

33.  0  ±  1 

33.  6 

Tamperatura,  *F 

-296.  1 

•295.0  ±0.4 

•293. 2 

Start  Tank  Conditions  at 

Engine  Start 

Prstaure,  pels 

1230  ±  10 

1248 

1200  ±  10 

1193 

Tamperature.  *F 

-140  ±  10 

-140 

±50  ±  23 

♦47 

Hallum  Tank  Conditions 
at  Engine  Start 

Preaaura,  paia 

... 

2162 

... 

2271 

Temperature,  *F 

-132 

... 

♦  37 

Thrust  Chamber  Temperature 
Conditions  at  Engine  Start/tg,  *F 

Throat 

-200  ±  25 

-224 

-300  ±  23 

-233 

-201/-366 

... 

-239/-S73 

Crossover  Duct  Temperetura 
st  Engine  Start,  *F® 

- 100  ±  20 

-103 

-100  ±  20 

-104 

E228E 

-100  ±  20 

-73/-66 

-100  ±  20 

-I1/-77 

TFTD-8 

-100  ±  20 

-86 

-100  ±  20 

-89 

Metn  Oxidizer  Valvm  Secood-Stega  Actuator 
Temperature  st  Engina  Start,  *F® 

-130  ±  SO 

-122 

-150  ±  30 

-133 

Fual  Lead  Time,  *ec® 

8.0 

-7.  940 

8.0 

-7.  937 

Propellant  in  Engine  Tima,  min 

© 

75 

© 

60 

Propellant  Kaclrculation  Tima,  min 

10 

10 

10 

10 

Start  Sequence  Logic 

Normal 

Normal 

Normal 

Gaa  Generator  Oxidizer  Supply  Line 
Temperature  at  Engine  Start.  *F 

TOBS-l 

-100*F 

+  16 

-100 

-4 

TOBS-2 

Minimum 

+  20 

Minimum 

+  5 

+31 

... 

♦  34 

Start  Tank  Discharge  Valve  Opening  Control 
Temperature  at  Engina  Start,  *F 

39 

... 

0 

Vibration  Safety  Counts  Duration  (mane) 
and  Occurrence  Tima  (aec)  from  lg 

><T 

23 

^e^T.069 

26 

1.114 

Gaa  Generator  Outlet 

Temperature,  *F 

... 

659 

... 

735 

22ES 

... 

... 

... 

Thruat  Chamber  Ignition  (Pc  •  100  pais)  Time, 

aec  (Ref.  to)® 

... 

1.091 

— 

1.117 

Main  Oxidixar  Valve  Second -Stage  Initial 

Movamant,  aec  (Ref.  to)® 

... 

0.996 

... 

1.010 

Main -Stage  Praasure  No.  2.  aec  (Raf.  tgKD 

... 

J  2. 269 

... 

2.  303 

Time  Chamber  Pressure  Attains  330  pais,  sac 
(Ref.  t0> 

... 

3.  158 

... 

3.  033 

Prope  11  st  Utilisation  Valve  Position, 

Engine  Start /to  ♦  10  sec 

Open^^-'"^ 

Not  mm  ®Dttm  reduced  from  oscillogram. 

®  Component  conditioning  to  be  maintained  within  limits 
for  last  1 5  min  before  engina  start. 

^Component  conditioning  to  be  maintained  within  limits 
for  last  30  min  beform  angina  start  or  coast  duration, 
whlcbaver  la  longar. 


'Prope  l  Is  nit  in  anglne  lima  are  dependent  on  main  oxidixar 
valve  temperature  <30-mln  minimum). 
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TABLE  VI  (Concluded) 


1  Firing  Number;  J4-1901-11 

11A 

1  IB 

11C 

no 

HE 

_ II 

Target  1  Actual 

-  1  1 

Target  |  Aetual 

Target  |  Aetual 

Target  |  Actual 

Target  |  Actual 

Target  ]  Aetual  1 

H  Presaura  Altitude  at  Engine  Start.  ft  (Ref.  1) 

100,000 

84.000 

100. 000 

■RTffTTV 

100.000 

99.  000 

100.000 

102.  000 

100. 000 

106.  000 

100,  000 

107,000  I 

|J  Firing  Duration.  sar<D 

32.5 

52.570 

7.  5 

7.  577 

32.5 

32.  366 

7.5 

7.664 

i«sbb5hi 

BEXSfll 

1.  261 

Fuel  Pump  Inlet  Condltioni 
at  Engine  Start 

Pressure,  psia 

28.  8 

CUP 

25,  7 

41.0  *  1 

40.  8 

41  4  1 

40.7 

26.6ti 

26.5 

34.0  *  1 

33.0 

Temperature,  *F 

-421.4  1  0.4 

420.7 

-421.  4  4  0.  4 

•421.0 

-421.4  1  0.4 

-421.  8 

-421.4  4  0.4 

•421.0 

-421.  4  ±  0.  4 

-420.  7 

-421.4  1  0.4 

-420.  6 

Oxidiaar  Pump  Inlet 

Conditions  at  Engine  Start 

44.6 

■319 

43.  2 

45.  5 

■an 

46.  8 

53.  0  4  1 

35.8 

40.  0  *  1 

fl 

44.6 

Temperature,  *F 

-295.0  *  0.4 

-294.9 

-293.04  0.4 

-293,  1 

•  293.0  ♦  0.4 

-293.  1 

-293.  0  4  0.  4 

-294.7 

-295.0  *  0.4 

-294.0 

-295.0  1  0.4 

-298.  1 

Start  Tank  Conditions  at 
Engine  Start 

Pressure,  peia 

1383  *  10 

1555 

1500  4  10 

1306 

1300  *  10 

1500 

1300  4  10 

1296 

1250  ±  10 

1251 

■00  1  10 

602 

Temperature,  *F 

-210  ±  10 

-205 

-287 

-263  4  10 

-267 

-265  4  10 

-267 

-140  4  10 

-141 

-220  1  10 

-219 

Helium  Tank  Conditions 
at  Engina  Start 

Preaaure,  pa  la 

... 

2163 

... 

2191 

... 

2242 

... 

2236 

2542 

... 

2280 

Temperatur*.  *F 

... 

-199 

... 

-267 

•265 

... 

-266 

-140 

... 

•222 

Thrust  Chamber  Temperature 
Conditions  at  Engine  Start/tg,  *F 

Tbroat 

-78 

♦  50  4  30 

♦  31 

♦30  4  30 

-70 

♦  60  4  50 

♦73 

-217 

-60  4  23 

-87 

ivi-iy  I'fJjqn 

THEfEEl 

-99 

... 

♦19/-261 

... 

-22 

♦  35 

... 

-149 

-85 

Crossover  Duct  Temperature 
at  Engine  Start,  *F® 

15 

... 

591 

... 

-357 

... 

374 

... 

-541 

♦  50  4  23 

60 

TFTD-3/-4 

28/27 

WBBEM 

♦1BS/+194 

-301/-315 

E3RI 

♦ 1 65/ ♦ 1 62 

... 

-347/-3SS 

1 

♦64/468 

24 

... 

432 

•241 

388 

... 

-207 

| 

40 

Main  Oxldiaar  Valve  Second -Stage  Actuator 
Temperature  at  Engine  Start,  *F® 

-130  4  50 

-110 

-150  1  50 

-130 

-ISO  4  30 

-178 

-150  4  50 

-156 

-150  4  30  , 

-164 

-150  4  60 

-  178 

Fuel  Lead  Timef  arc® 

3.0 

3.  023 

9.0 

7.940 

6.  0 

7.  932 

8.0 

7.052 

6.0 

7.  039 

8.0 

7.  940 

Propellant  in  Engine  Time,  min 

© 

82 

... 

30 

© 

197 

... 

50 

© 

44 

® 

72 

Propellant  Recirculation  Time,  min 

10 

11 

10 

14 

10 

to 

10 

li 

10 

10 

10 

10 

Start  Sequence  Logic 

Normal 

Normal 

H2S39I 

Normal 

Normal 

Normal 

Normal 

Normal 

Ga«  Generator  Oxidizer  Supply  Line 
Temperature  at  Engine  Start,  *F 

♦  43 

... 

♦20 

... 

-70 

... 

-11 

... 

-40 

... 

-16 

TOBS-2 

... 

♦  27 

♦  17 

♦  15 

♦  5 

- 

♦  7 

♦  17 

... 

♦  40 

... 

♦  31 

♦36 

♦  16 

♦  55 

... 

♦41 

|  Start  Tank  Discharge  Valve  Opening  Control 
j  Temperature  at  Engine  Start,  *F 

... 

♦66 

... 

♦7 

... 

•46 

... 

-56 

-54 

... 

-49 

1  Vibration  Safety  Counts  Duration  (msec) 

|  and  Occurrence  Time  (sec)  from  tg 

flg^i 

SSI 

BBSS 

HSBf 

IK! 

mm 

‘  E53! 

Temperature.  *F 

1807 

... 

I860 

1470 

1*03 

... 

226 

... 

1561 

... 

... 

1622 

... 

1842 

... 

... 

1  Thrust  Chamber  Ignition  (Pc  »  100  psia)  Time. 

|  nee  (Ref.  tg>® 

... 

0.  986 

— 

0.  949 

... 

1.086 

... 

0.  950 

... 

1. 162 

... 

1.  156 

ig'iwy 

... 

1.046 

1.074 

0.693 

1.110 

... 

1.009 

... 

1.017 

Main-Stage  Pressure  No.  2.  sec  (Ref.  to)© 

... 

1.  822 

... 

1.642 

... 

2.  001 

... 

1.618 

... 

2.801 

... 

Time  Chamber  Pressure  Attains  530  psia,  see 
(Ref.  t0)O 

... 

1.  803 

... 

2.012 

... 

2.916 

... 

2.019 

... 

... 

... 

Propellant  Utilisation  Valve  Position, 

Engine  Start/to  ♦  10  sec 

tgEvml 

gjjSBI 

mssud 

I35S 

KS^gg 

Open^*^ 

Opan^^e^’^ 

Notes:  ®Dala  reduced  from  oscillogram. 

^Component  conditioning  to  be  maintained  within  limit* 
for  last  15  min  before  engine  atari. 

®Component  conditioning  to  be  maintained  within  limits 
for  last  30  min  before  engina  start  or  coast  duration, 
whiebever  is  longer. 

® Propellants  in  engine  tima  are  dependent  on  main  oxldlsar 
valva  temperature  (30-mln  minimum). 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Firing 

Number 

J4- 1901-09 

Start 

Start  Tank  Discharge  Valve 

Main  Fuel  Valvs 

Main  Oxidizer  Valve 
First  Stage 

Main  Oxidizer  Valve 
Second  Stage 

Gas  Generator 

Fuel  Poppet 

Gas  Generator 
Oxidizer  Poppet 

Oxidizer  Turbine 
Bypass  Valve 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

SSC 

Valve 

Opening 

Tims, 

sec 

Time 

of 

Cloaing 

Signal 

Valvs 

Delay 

Time, 

Sec 

Time 

of 

Opening 
Signs  1 

Valve 

Delay 

Time, 

aec 

Valve 

Opening 

Time, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 
Open  ing 
Time, 
sec 

Time 

of 

Opening 

Signal 

Valvs 

Delay 

Time. 

sec 

Valve 

Opening 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Opening 

Time. 

aec 

Time  * 
of 

Opening 

Signal 

Valve 

Delay 

tims, 

aec 

Valvs 
Open  inj 
Time, 
sec 

Time 

of 

Closing 

Signal 

i 

Valve 

Closing 

Time, 

sec 

A 

0.0 

ram 

0.  078 

ESH 

VEU 

55m 

SSI 

5 

... 

Q 

133 

BB1 

EX3 

B 

0.0 

asa 

Bam 

51 

DEI 

[23| 

553 

15 

1513 

DEI 

5513 

EQ 

5521 

5523 

ma 

C 

KOI 

3E| 

1  <IH 

DEI 

ima 

[53 

55m 

[5ii| 

5513 

1513 

5513 

[53 

1551 

ma 

■3 

msna 

iKMIB 

D 

warn 

DEI 

nam 

[53 

bhi 

551 

[5HJ 

553 

PHI 

min 

1513 

5513 

1513 

BIBI 

ETTB 

E 

jM 

B&UJI 

[53 

5513 

om 

[5HI 

5551 

5523 

1523 

55m 

5513 

EBB 

F 

■S 

0.447 

... 

-7.832 

0.  118 

g 

— 

— 

0.447 

0.  030 

0.447 

... 

0.447 

... 

■a 

0.  088 

0.  090 

0.451 

-0.999 

0.  108 

3 

3 

1.701 

0.451 

0.  038 

0.  451 

0.071 

0.451 

0.273 

Firing 

Number 

J4- 1901-09 

Shutdown 

M?m  Fuel  Valve 

Main  Oxidizer  Valve 

Gas  Generator 

Fuel  Poppet 

Gas  Generator 
Oxidizer  Poppet 

Oxidizer  Turbine 
Bypass  Valve 

Time 

of 

Closing 

Sign'd 

V*lve 

Delay 

Tims, 

sec 

Valve 

Cloaing 

Time, 

aec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

aec 

Valve 

Closing 

Time. 

sec 

Time 

of 

Cloaing 

Signal 

Valve 

Delay 

Time. 

8SC 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valva 

Delay 

Tima, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

aec 

Valve 

Opening 

Time. 

sec 

A 

1.249 

0.  101 

0.  296 

1.248 

... 

... 

1.248 

0.  079 

0.  023 

1.249 

0.  045 

0.  024 

1.248 

0.  159 

0.574 

B 

32.573 

0.  108 

0.  328 

32.573 

0.  081 

0.  188 

32.573 

0.  068 

0.013 

32.  573 

0.  030 

8.012 

32.573 

0.254 

0.554 

C 

7.  587 

0.  103 

0.328 

7.587 

0.  078 

0.  181 

7.587 

0.  074 

0.018 

7.587 

0.  035 

0,015 

7.587 

0.231 

0.491 

D 

32. 573 

0. 11/ 

0.  365 

32. 573 

0.  088 

0.  188 

32.573 

0.  072 

0.  013 

32.573 

0.033 

0.014 

32.573 

0.247 

0.521 

E 

7.  587 

0.  104 

0.  335 

7.587 

0.  078 

0.  179 

7.587 

0.  077 

0.017 

7.  587 

0.  035 

0.015 

7.587 

0.229 

0.478 

F 

0.  677 

0.  091 

0.  312 

0.  677 

... 

... 

0.877 

... 

... 

0.  877 

... 

... 

0.  877 

... 

... 

Foial 

Sequence 

... 

0.  078 

0.225 

... 

0.  054 

0.  122 

... 

0.093 

0.038 

— 

0. 081 

0.  025 

... 

0.221 

0.  592 

Notea:  1. 

2. 

3. 

4. 


All  valve  signal  timss  are  referenced  to  t(j. 

Valve  dslay  tims  Is  the  time  required  for  Initial  valve  movement  after  the  valve  "open"  or 
"closed"  solenoid  haa  been  energized. 

Final  aequencs  check  la  conducted  without  propellants  and  within  12  hr  before  teating. 

Dats  reduced  from  oscillogram. 
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TABLE  VII  (Continued) 


Firing 

Nuipber 

J4-1901-10 

St.rt 

Start  Tank  Discharge  Valve 

Main  Fuel  Valve 

Main  Oxidizer  Valve 
First  Stage 

Main  Oxidizer  Valve 
Second  Stage 

Gas  Generator 

Fuel  Poppet 

Gss  Generator 
Oxidizer  Poppet 

Oxlolzer  Turbine 
Bypasa  Valve 

Time 

of 

Opening 

Signal 

Valve 
Del  ay 
Tim--', 
sec 

Valve 

Opening 

Time, 

nee 

Time 

of 

Closing 

Signs! 

Valve 

Delay 

Time, 

B  PC 

Valve 

Closing 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valve 
Del  y 
Time, 
sec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valvs 

Delay 

Time, 

sec 

Valve 

Opening 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Opening 

Time, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

aec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

aec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

HeC 

Valve 

Closing 

Time, 

sec 

A 

0.  0 

ESQ 

12m 

QB3 

gSd 

0B3 

Ena 

iAitiUl 

J2J 

B 

0.0 

ESQ 

USEB 

0.  129 

0.256 

-7.  837 

0.  081 

0.  117 

0.447 

Esm 

mill 

ESEB 

i'4H?b 

HUH 

i  *:,■ 

D 

KEB 

gjjg 

C  *“* 

D 

C 

Final 

Sequence 

0.  0 

0.090 

0.  091 

0.4  50 

0.127 

0.239 

-1.000 

0.  053 

0.  109 

0.450 

0.  051 

0.045 

0.450 

0.609 

1.704 

0.450 

0.  081 

0.038 

0.450 

0.  142 

0.  071 

0.  450 

0.203 

0.  273 

4^ 

O 


Firing 

Nugiber 

J4- 1901-10 

Shutdown 

Main  Fuel  Valve 

Main  Oxidizer  Valve 

Gas  Generator 

Fuel  Poppet 

Gas  Generator 
Oxidizer  Poppet 

Oxidizer  Turbine 
BypasR  Valve 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Tim? 

of 

Closing 

Signal 

Vslve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

sec 

Vslve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Vslve 

Opening 

Time, 

sec 

A 

7.582 

0.  106 

0.  318 

7.582 

0.  081 

0.  172 

7.  582 

0.  076 

0.015 

7.582 

0.038 

0.016 

7.582 

0.256 

0.573 

B 

7.  582 

0.  114 

0.  346 

7.582 

0.  082 

0.  170 

7.582 

0.  081 

0.018 

7.  582 

0.038 

0.017 

7.  582 

0.261 

0.571 

C 

D 

e 

Find 

Sequence 

... 

0.  077 

0.  226 

... 

0.  055 

0.  121 

0.  093 

0.  039 

... 

0.  061 

0.021 

... 

0.  222 

0.  591 

Note-!:  1.  All  valve  signal  times  are  referenced  to  tQ. 

2.  Valve  delay  time  is  the  time  required  for  initial  valve  movement  after  the  valve  “open"  or 
"closed"  solenoid  has  been  energized. 

3.  Final  sequence  check  is  conducted  without  propellants  and  within  12  hr  before  testing. 

4.  Data  reduced  from  oscillogram. 
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TABLE  VII  (Concluded) 


Firing 

Number 

J4-1801-11 

Surt  _ 

Start  Tank  Discharge  Valve 

Main  Fuel  Valve 

Mam  Oxidizer  Vtlve 
First  Stage 

Main  Oxidizer  Valve 
Second  Stage 

Gas  Generator 

Fuel  Poppet 

Gas  Generator 
Oxidizer  Poppet 

Oxidizer  Turbins 
Bypssa  Valve 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

aec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 
Closing 
T  ime, 
sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Opening 

Time, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

see 

Valve 
Open  ing 
Time, 
sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Opening 

Time. 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time. 

sec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Cloalng 

Time, 

see 

1 1 A 

0 

ESQ 

2m 

d 

essi 

2J 

2231 

sm 

^02 

2313 

2213 

22m 

213 

2231 

m 

BEB 

1  IB 

0 

qeq 

I2ii| 

32^3 

mu 

[U2I 

03 

SQ3 

2231 

1SE9 

PETTI 

BRTl 

11C 

0 

njj] 

■AU 

■3E8 

E 

BOOS 

223 

E 

USM 

2213 

2213 

3 

22 

jg 

22 

huh 

D 

1  ID 

0 

[JJE3 

d 

1201 

QS3 

ITU 

E 

22. 

2s 

22 

H 

KITH 

BIBi 

22^^SI 

he 

0 

Cij 

2213 

1213 

E 

133 

HIM 

S3 

■  3 

warn 

0 

BE3 

0.  110 

0.  446 

■  g| 

-7.840 

0.  110 

0.  448 

0.  050 

0.448 

... 

0.448 

0.  035 

0.  448 

0.  104 

0.  448 

0.  204 

0.  308 

0 

0.  091 

0.  450 

0.242 

-1.  002 

0.  104 

0.4  50 

0.41 

0.450 

1.730 

0.450 

0.  078 

0.  035 

0.450 

om 

0.  071 

0.450 

0.  285 

Firing 

Number 

J4-1901-11 

Shutdown 

Main  Fuel  Valve 

Main  Oxidizer  Valve 

Gas  Generator 

Fuel  Poppet 

Gas  Generator 
Oxidizer  Poppet 

Oxidizer  Turbine 
Bypass  Valve 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

aec 

Valve 

Closing 

Time, 

see 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Closing 

Time, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time. 

sec 

Valve 

Closing 

Time, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Tims, 

sec 

Valve  s 
Opening 
Time, 
sec 

11A 

imm 

QQ2 

^2^2 

^23 

QjgJ2 

11B 

7.586 

0,099 

0.284 

7.586 

0.  075 

o.m 

7.586 

0.07. 

0.821 

7.  586 

11C 

(2UJ 

22SI 

1202 

202 

3ml 

g2jjj 

3 

3131 

1  ID 

223 

mill 

2m 

J20J 

ioi 

JJg] 

1202 

he 

2221 

my 

— 

— 

■SSI 

302 

33m 

mjg 

Oja 

... 

11F 

!.  265 

Q 

0.  340 

1.  265 

... 

... 

1.  265 

mm 

0.  030 

1.265 

Qj 

0.030 

1.285 

1.322 

Jg^  | 

5.  857 

0.  222 

5.857 

0.  121 

5.  657 

0. 041 

5.657 

0.025 

_ 

5.  857 

0.587 

Notes:  1. 
2. 

3. 

4. 


All  valve  signal  times  sre  referenced  to  to. 

Valve  deity  time  Is  the  time  required  for  Initial  valve  movement  after  the  valve  "open"  or 
"closed"  solenoid  has  been  energized. 

Final  sequence  check  It  conducted  without  propellants  and  within  12  hr  before  testing. 

Data  reduced  from  oscillogram. 
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TABLE  VIII 

ENGINE  PERFORMANCE  SUMMARY 


09  B 

09D 

11A 

UC 

Site 

Normalized 

Site 

Normalized 

Site 

Normalized 

Site 

Normalized 

Thrust,  lbf 

227,  781 

225.408 

227,  602 

225,  560 

228,  542 

226,  533 

228,  989 

226,  869 

Overall 

Engine 

Perfo  rmance 

Chamber  Pressure,  psia 

780 

768 

780 

769 

783 

772 

784 

773 

Mixture  Ratio 

5.  62 

5.  63 

5.  63 

5.  65 

5.  61 

5.  61 

5.  56 

5.  60 

Fuel  Weight  Flow,  lbm/  sec 

82.  0 

80.  7 

81.  8 

80.  5 

82.  5 

81.  3 

83.  1 

81.  6 

Oxidizer  Weight  Flow,  lbm/sec 

461.  0 

454.  4 

460.  8 

454.  9 

462.  7 

456.  0 

462.  4 

456.  7 

Total  Weight  Flow,  lbm/sec 

543.  0 

535.0 

542.  6 

535.  5 

545.  2 

537.  3 

545.  5 

538.  3 

Thrust 

Mixture  Ratio 

5.83 

5.84 

5.  84 

5.  86 

5.  82 

5.  82 

5.77 

5.  81 

Chamber 

Total  Weight  Flow,  lbm/sec 

536.  0 

528.  1 

535.  7 

528.  6 

538.  1 

530.  4 

538.  5 

531.  3 

Performance 

Characteristic  Velocity,  ft/sec 

7977 

7971 

7976 

7970 

7977 

7976 

7982 

7969 

Pump  Efficiency,  percent 

73.  8 

73.  8 

73.  9 

73.  9 

73.  7 

73.  7 

73.  9 

73.9 

Fuel 

Pump  Speed,  rpm 

26.  317 

26,  154 

26,  319 

26,  126 

26,  507 

26,  341 

26,  522 

26,  307 

Turbine  Efficiency,  percent 

58.  6 

58.  5 

58.  6 

58.5 

59.  2 

59.  1 

59.  4 

59.  2 

Turbopump 

Performance 

Turbine  Pressure  Ratio 

7.  34 

7.33 

7.  32 

7.  32 

7.  34 

7.  34 

7.  32 

7.31 

Turbine  Inlet  Temperature,  *F 

1275 

1260 

1276 

1259 

1276 

1258 

1271 

1257 

Turbine  Weight  Flow,  lbm/sec 

6.96 

6.  88 

6.  94 

6.  88 

7.  03 

6.93 

7.  01 

6.  94 

Pump  Efficiency,  percent 

80.  3 

80.  3 

80.  3 

80.  3 

80.  3 

80.  3 

80.  3 

80.  3 

Pump  Speed,  rpm 

8670 

8601 

8672 

8604 

8697 

8627 

8700 

8630 

Turbopump 

Performance 

Turbine  Efficiency,  percent 

49.  5 

49.3 

49.  6 

49.  4 

49.0 

48.8 

49.  7 

49.  5 

Turbine  Pressure  Ratio 

2.  58  ' 

2.  58 

2.  58 

2.  58 

2.  59 

2.  59 

2.  59 

2.  59 

Turbine  Inlet  Temperature,  *F 

840 

829 

842 

831 

850 

837 

830 

821 

Turbine  Weight  Flow,  lbm/ sec 

6.  08 

6.02 

6.  06 

6.  01 

6.  15 

6.  09 

6.  12 

6.  06 

Gas 

Generator 

Performance 

Mixture  Ratio 

0.  985 

0.  975 

0.  985 

0.975 

0.  985 

0.  974 

0.  982 

0.  974 

Chamber  Pressure,  psia 

681 

672 

679 

671 

688 

680 

685 

677 

Notes:  1.  Site  data  are  calculated  from  test  data. 

2.  Normalized  data  are  corrected  to  standard  pump  inlet  and  engine  ambient  pressure  conditions. 

3.  Input  data  are  test  data  averaged  from  29  to  30  sec.  except  as  noted. 

4.  Site  and  normalized  data  were  computed  using  the  Rocketdyne  PAST  640  modification  zero  computer  program. 
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APPENDIX  III 
INSTRUMENTATION 


The  instrumentation  for  AEDC  tests  J4-1901-09  through  11  is  tabu¬ 
lated  in  Table  IH-1.  The  location  of  selected  major  engine  instrumen¬ 
tation  is  shown  in  Fig.  Ill- 1 .  The  same  instrumentation  applies  for  all 
three  tests. 
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TABLE  IIM 

INSTRUMENTATION  LIST  (FOR  TESTS  J4-1901-09  THROUGH  J4-190M1) 


AEDC 

Code 

Tap 

Parameter  No. 

Mic  ro- 
sadic 

Magnetic 

Tape 

Oscillo- 

Cr-|Jh 

Strip  X-  Y 

Chs-rt  Plotter 

Current 

ft  mo 

ICC 

Control 

0  to  JO 

X 

X 

I1C 

Ignition 

0  to  JO 

X 

X 

Event 

EASIOV 

Augmented  Spark  Igniter  Oxidi¬ 
zer  Valve 

Open;  Closed 

X 

X 

EECLi 

Engine  Cutoff  Lockin 

On /Off 

X 

X 

EECO 

Engine  Cutoff  Signal 

On/ Off 

X 

X 

X 

EES 

Engine  Start  Command 

Oil/ Off 

X 

X 

EFBVC 

Fuel  Bleed  Valve  Closed  Lixr.it 

Open/  doted 

X 

EFPVC/O 

Fuel  Prevalve  Closed/Open  Limit 

Closed /Open 

X 

EHCS 

Helium  Control  Solenoid 

On/ Off 

X 

X 

Ell) 

Ignition  Detected 

Oil.' Off 

X 

X 

EIPCS 

Ignition  Phase  Control  Solenoid 

On/Off 

X 

X 

EMCS 

Main -Stage  Control  Solenoid 

On/ Off 

X 

X 

EMP-1 

Main-Stage  Pressure  No.  1 

Or.  .'Off 

X 

X 

EMP-2 

Main-Stage  Pressure  No.  2 

On  /Off 

X 

X 

EOBVC 

Oxidizer  Bleed  Valve  Closed  Limit 

Open/ Closed 

X 

EOPVC 

Oxidizer  Prevalve  Closed  Limit 

Close- 

X 

X 

EOPVO 

Oxidizer  Pre valve  Open  Limit 

Open 

X 

X 

ESTDCS 

Start  Tank  Discharge  Control  Solenoid 

On/ Off 

X 

X 

X 

RAS1S-1 

Augmented  Spark  Igniter  Spark  No.  1 

On/ or: 

X 

RAS13-2 

Aug  me nt en  Sparx  Igniter  Spark  No.  2 

Or. /Off 

X 

RGGS-1 

Gas  Generator  Spark  No.  I 

On /Off 

X 

RGGS-2 

Gas  Generator  Spark  No.  2 

On/ Off 

X 

Floors 

g  PS* 

QF-1A 

Fuel  PFF 

0  to  0000 

X 

X 

QF-2 

Fuel  PE  FA 

0  to  9000 

X 

X 

X 

QF-13AM 

File.  Fjow  Stall  Approach  Monitor 

0  to  oooc 

X 

X 

QFRP 

Fuel  Recirculation 

0  to  100 

X 

QO-1A 

Oxidizer  POF 

0  to  3000 

X 

X 

QO-2 

Oxidizer  FO?A 

C  to  3000 

X 

X 

X 

QORP 

Oxidizer  Recirculation 

0  to  50 

X 

Position 

Percent  Open 

LFVT 

Main  Fuel  Valve 

0  to  i00 

X 

X 

LGGVT 

Gas  Generator  Valve 

0  to  100 

X 

X 

LOTBVT 

Oxidizer  Turbine  Bypass  Valve 

0  to  100 

X 

X 

LOVT 

Main  Oxioizer  Valve 

0  to  100 

X 

X 

LPUTOP 

Propellant  Ut.lization  Valve 

0  to  100 

X 

X 

X 

lstdvt 

Start  Tar.k  Discharge  Valve 

0  to  100 

X 

X 

Pressure 

psia 

PAl 

Test  Cell 

0  to  0. 5 

X 

X 

PA2 

Test  Cell 

0  to  1.0 

X 

X 

PA3 

Test  Cell 

0  to  5. 0 

X 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Tap 

Micro- 

Magnetic 

Oscillo¬ 

Strip 

x-y 

Code 

Parameter 

No. 

Range 

sad  ic 

Tape 

graph 

Chart 

Plotter 

Pressure 

psia 

PC- IP 

Thrust  Chamber 

CGI 

0  to  1000 

X 

PC-3 

Thrust  Chamber 

CGI  A 

0  to  1000 

x 

X 

X 

PCBO-1 

Constant  Bleed  Orifice 

0  tc  50 

X 

PCDP 

Crossover  Duct  Purge 

0  to  100 

X 

PCGG-1P 

Gas  Generator  Chamber 

0  to  1000 

X 

X 

X 

PCGG-2 

Gaa  Generator  Chamber 

GG1A 

0  to  1000 

X 

PFBL 

Fuel  Bleed  Line 

0  to  100 

X 

X 

PFJ-1A 

Main  Fuel  Injection 

CF2 

0  to  1000 

X 

X 

PFJGG-1A 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

PFJGG-2 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

X 

pfpc-:a 

Fuel  Pump  Balance  Piston  Cavity 

PF5 

0  to  1000 

X 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  1500 

X 

PFPD-2 

Fuel  Pump  Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFPI-1 

Fuel  Pump  Inlet 

0  to  100 

X 

X 

X 

PFPI-2 

Fuel  Pjmp  Inlet 

0  to  100 

X 

X 

X 

PFPI-3 

Fuel  Pump  Inlet 

0  to  200 

X 

PFPPSD-1 

Fuel  Pump  Primary  Seal  Drain 

0  to  200 

X 

PFRPO 

Fuel  Recirculation  Pump  Outlet 

0  to  60 

X 

PTRPR 

Fuel  Recirculation  Pjmp  Return 

0  to  50 

X 

PFST-1P 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

X 

PFST-2 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

X 

PFUT 

Fuel  Tanit  Ullage 

0  to  100 

X 

PFVI 

Fuel  Tank  Pressurization  Line 
Nozzle  Inlet 

0  to  1000 

X 

PFVL 

Fuel  Tank  Pressurization  Line 
Nozzle  Throat 

0  to  100G 

X 

PHECMO 

Pneumatic  Control  Module  Outlet 

0  to  750 

X 

PHEOP 

Oxidizer  Recirculation  Pump  Purge 

0  to  150 

X 

PHET-1P 

Helium  Tanx 

NN1 

0  to  3500 

X 

X 

PIiET-2 

Helium  Tank 

XXI 

0  to  3500  - 

X 

X 

PHRO-1A 

Helium  Regulator  Outlet 

NN2 

0  to  750 

X 

POJ-1A 

Main  Oxidizer  Injection 

C03 

0  to  1000 

X 

X 

POJ-2 

Main  Oxidizer  Injection 

C03A 

0  to  1000 

X 

X 

POJ-3 

Main  Oxidizer  Injection 

0  tc  2000 

X 

POJGG-1A 

Gas  Generator  Oxidizer  Injection 

GOS 

0  to  1000 

X 

X 

POJGG-2 

Gas  Generator  Oxidizer  Injection 

G05 

0  to  1000 

X 

POPBC-1A 

Oxidizer  Pump  Bearing  Coolant 

P07 

0  to  500 

X 

POPD-1P 

Oxidizer  Pump  Discharge 

P03 

0  to  1500 

X 

POPD-2 

Oxidizer  Pump  Discharge 

P02 

0  to  1500 

X 

X 

X 

POPI- 1 

Oxidizer  Pump  Inlet 

0  to  100 

X 

X 

POPI-2 

Oxidizer  Pump  Inlet 

0  to  200 

X 

X 

POPI- 3 

Oxidizer  Pump  Inlet 

0  to  100 

X 

POPSC-1A 

Oxidizer  Pump  Primary  Seal 
Cavity 

P06 

0  to  50 

X 
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TABLE  Uhl  (Continued) 


A  K  DC- 

Tcp 

Micro- 

Magnetic 

Oscillo¬ 

Strip 

X-Y 

Code 

Parameter 

No. 

Range 

saenc 

Tape 

graph 

Cnjtrl 

Plotter 

Pressure 

psia 

PORPO 

Oxidizer  Recirculation  Pump  OJtlet 

0  to  1*3 

X 

FORPR 

Oxidizer  Recirculation  Pump  Ret  jrn 

0  lo  130 

X 

POTl-lA 

Oxidizer  Turbine  Inlet  TG3 

0  to  200 

X 

POTO-1A 

Oxidizer  Turbine  Outlet  TG4 

0  to  100 

X 

POUT 

Oxidizer  Tank  Ullage 

0  to  100 

X 

POVCC 

Main  Oxidizer  Valve  Closing 

Control 

0  to  300 

X 

povt 

Oxidizer  Tank  Pressurization 

Line  Nozzle  Inlet 

0  to  1000 

X 

POVL 

Oxidizer  Tank  Pressurization 

Line  Nozzle  T.nroat 

0  to  1000 

3v 

PPUV1-1A 

Propellant  Utiiizaticr.  Valve  Inlet  FOB 

0  to  1500 

X 

PPUVO-1A 

Propellant  Utilization  Valve  Outlet  P09 

0  to  500 

X 

PTCKJP 

Thrust  Chamber  Fuel  Jacket  Purge 

0  to  LOO 

X 

PTCP 

Thrust  Chamocr  Purge 

0  tc  1000 

X 

PTPP 

Tarbopump  and  Gas  Generator  Purge 

0  to  250 

X 

Speeds 

rpm 

NFP-1P 

Fuel  Pump  PFV 

0  to  30.  000 

X 

NFRP 

Tuel  Recirculation  Pump 

0  to  15.  00  : 

X 

NOP-1P 

Oxicizer  Pump  POV 

0  to  12.  000 

X 

NORP 

Oxidizer  Rccircjlnllon  Pump 

0  to  15.  000 

X 

Temperatures 

•j? 

TA1 

Test  Cell  (Nortn) 

-50  to  4  300 

X 

TA2 

Test  Cell  (Ea*t) 

-50  to  -BOO 

X 

TA3 

Test  Cell  (South) 

-50  to  ^800 

X 

TA4 

Test  Cell  (West) 

-50  to +800 

X 

TA1P-1A 

Auxiliary  Instrument  Package 

-300  tc  -.200 

X 

TAIPAA 

Auxiliary  Instrument  Package  Area 

Ambient 

-200  to  +500 

X 

TCDP 

Crossover  Duct  Purge 

-150  to  t  150 

X 

TECP-1P 

Electrical  Controls  Pac.<agc  NST1A 

-300  to +200 

X 

TEHAA 

Engine  Handler  Attach  Area 

Ambient 

-200  to  r 500 

X 

TFASIL-2 

Augmented  Spark  Igniter  Fuel 

Line  Skin 

-400  to  ■*■300 

X 

TFAS1L-4 

Augmcnteo  Spark  Igniter  Fuel 

Lme  Skin 

-425  to  4  500 

X 

TFBV-1A 

Fuel  Bleed  Valve  GFTl 

-425  to  -375 

X 

TFD-1 

Fire  Detection 

0  to  1000 

X 

TFDAA 

Fuel  High  Pressure  Duct  Area 

Ambient 

-200  to  +500 

X 

TFJ-JP 

Main  Fuel  Injection  CFT2 

-425  to  +250 

X 

TFJ-2 

Main  Fuel  Injection 

-450  to  +250 

X 

TFPD-1P 

Fuel  Pump  D.scrarge  PFT1 

-425  tc  -400 

X 

TFPD-2 

Fuel  Pump  Discharge  PFT1 

-425  to  -400 

X 

TFP1-1 

Fuel  Pump  Inlet 

-425  to  -400 

X 

TFPI-2 

Fuel  Pump  Inlet 

-425  to  -400 

X 

TFRPO 

Fuel  RecLrculat.on  Pump  Outlet 

-425  to  -350 

X 
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TABLE  lll-l  (Continued) 


AH  DC 
Code 

Parameter 

Trp 

No. 

Range 

\Iicrc- 

sadic 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip 

Chart 

X-Y 

Plotter 

Temperatures 

°K 

TFRPR 

Fuel  Recirculation  Pump 

Return  Line 

-425  to  -2 50 

x 

TFRT-1 

Fuel  Tank 

-125  to  -410 

X 

tfr  i  -;i 

Fuel  Tame 

-425  to  -410 

X 

TrS'J'-IP 

Tie'.  Start  T^  me 

TFT1 

-350  to  ^  no 

X 

’I  KST-2 

Tue!  Start  T-tnk 

TFT1 

-350  to  +1C0 

X 

X 

TF  ID-2 

Fuel  Turbine  Discharge  Duct 

-200  to  -M000 

X 

X 

TFTU-3 

Fuel  Turbine  Discharge  Duct 

-200  to  -1000 

X 

X 

TF  1  0-4 

Futl  Turbine  Discnarge  Due; 

-200  in  -100C 

X 

X 

TFTD-I! 

Fuel  Turbine  Discharge  Duct 

-  202  to  *-1400 

X 

X 

TFTO 

Fuel  Turbine  Outlet 

TGT2 

0  to  1800 

X 

TFTSD-1 

Fuel  Turbine  Seal  Drain  Line 

-300  to  «  100 

X 

IGGO-1A 
and  2 

Gas  Generator  Outlet 

GGT1 

0  to  2500 

X 

X 

X 

TGGVRS 

Gas  Generator  Valve 

Reta.nwg  Sere-* 

-loo  .o-:oo 

X 

THET-1F 

Helium  Tank 

NNT1 

-350  to  +100 

X 

X 

TNODP 

Oxidizer  Dome  Purge 

0  to  J-300 

X 

TOASIL- 1 

Augmented  Spark  Igniter  Oxidizer 
Lu.e  .Skin 

-425  to  -5C0 

X 

TOASIL-2 

Augmented  Spark  Igniter  Oxidizer 
Line  S.<:n 

-400  -O  -300 

X 

l'ORS-1 

Oxicizer  Bcotstri-p  Linu 

-300  to  250 

X 

TOBS-2 

Oxidizer  Bootstrap  Line 

-300  to  250 

X 

T0BS-2B 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

TOBV-1A 

Oxidizer  Bleed  Valve 

GOT2 

-300  to  -250 

X 

TODAA 

Oxidizer  Dome  Area  Ambient 

-200  to  1-520 

X 

TODS-1 

Oxidizer  Dome  Skin 

-200  to  +100 

X 

X 

TODS -2 

Oxidizer  Dome  Skin 

-300  to  *100 

X 

X 

TOPS- 1 A 

Oxioizer  Pump  Bearing  Coolant 

POT4 

-300  to  -250 

X 

TOPD-1P 

Oxidizer  Pump  Discharge 

POT3 

-300  to  -250 

X 

X 

X 

X 

TOPD-2 

Oxidizer  Pump  Discharge 

P0T3 

-300  to  -250 

X 

TOPI-1 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

X 

TOPI- 2 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

X 

TORPO 

Oxidizer  Recirculation  Pump  Outlet 

-300  to  -250 

X 

TORPR 

Oxicizer  Recirculation  Pu.rip  Return 

-300  tc  -.40 

X 

TORT-1 

Oxidizer  Tank 

-300  to  -287 

X 

TORT- IB 

Oxidizer  Tank 

-300  to  -287 

X 

TORT- 3 

Oxidizer  Tank 

-300  to  -287 

X 

T0TI-1P 

Oxidizer  Turbine  Inlet 

TC.T3 

-300  to  1200 

X 

X 

T0T0-1P 

Oxidizer  Turbine  Outlet 

TC.T4 

C  to  1C00 

X 

TOVL, 

Oxidizer  Tank  Pressurization 

Line  Nozzle  Throat 

-300  to -100 

X 

TPIP-1P 

Primary  Instrument  Package 

-300  to  -200 

X 
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TABLE  111-1  (Concluded) 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

Micro- 

sacie 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip  X-Y 

Chart  Plotter 

Temperatures 

II 

T  PIP  A  A 

Primary  Instrument  Package 

Area  Ambient 

-200  to  +  D00 

X 

TSC2-1 

Thrust  Chamber  Skin 

-J03  to  -*-500 

X 

TSC2-12 

Thrust  Chamber  S.<in 

-330  -o  -500 

X 

TSC2-13 

Thrust  Chamber  Skin 

-300  to  +500 

X 

X 

TSC2-17 

Thrust  Chamber  Skin 

-300  to  ^  500 

X 

TSC2-20 

Thrust  Chamber  SKin 

-300  to  +500 

X 

TSC2-24 

Thrust  Chamber  Skin 

-320  :o  -500 

X 

TSOVC- 1 

Oxidizer  Valve  Actuator  Cap 

nst: 

-325  to  - 150 

X 

X 

TSTDVAA 

Start  Tank  Discharge  Valve 

Area  Ambient 

-20C  to  I  500 

X 

TSTDVDL 

Start  Tan*  Discharge  Valve 

Drain  Line  Port 

-100  to  -200 

X 

TSTDVOC 

Start  Tank  Discharge  Valve 
Opening  Control  Port 

-300  to  +200 

X 

TTC-1P 

Thrust  Chamber  Jacket  (Control) 

CSl 

-425  to  x500 

X 

X 

TTC-2 

Thrust  Chamber  Jacket 

CS1A 

-425  to  -100 

X 

TTC? 

Thrust  Cnamber  Purge 

-346  to  -5C4 

X 

TTPP 

Turbopump  Purge 

-150  to  4  150 

X 

X 

Vibrations 

UASIF-1 

Augmented  Spar*  Igniter  Fuel 
Orifice  Block  Tangential 

±150 

X 

UASIV-1 

Augmented  Spark  Igniter 

Oxidizer  Valve  Axial 

r!50 

X 

UASIV-3 

Augmer.tcc  Spark  Igniter 

Oxidizer  Valve  Tangential 

±150 

X 

UFPR 

Fuel  Pump  Radial  90  ceg 

±300 

X 

X 

UMFV-1 

Main  Fuel  Valve  Radial 

=15C 

X 

UMFV-3 

Main  Fuel  Valve  Tangential 

±150 

X 

UOPR 

Oxidizer  Pump  Radial  90  deg 

±200 

X 

UOTBV-1 

Oxidizer  Turbine  Bypass 

Valve  Axial 

±150 

X 

UTCD-1 

Thrust  Chamber  Dome 

±500 

X 

X 

UTCD-2 

Thrust  Chamber  Dome 

±500 

X 

X 

UTCD-3 

Thrust  Chamber  Dome 

±500 

X 

UTCD-4 

Thrust  Chamber  Dome 

±1000 

X 

U1VSC 

No.  1  Vibration  Safety  Counts 

On/Off 

X 

U2VSC 

No.  2  Vibration  Safety  Counts 

On/Off 

X 

U3VSC 

No.  3  Vibration  Safety  Counts 

On/ Off 

X 

Voltage 

volts 

VCB 

Control  Bus 

0  to  36 

X 

X 

VLB 

Ignition  Bus 

0  to  36 

X 

X 

VIDA 

Ignition  Detect  Amplifier 

0  to  16 

X 

X 

VFUTEP 

Propellant  Utilization  Valve 
Excitation 

0  to  5 

X 
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b.  Engine  Temperature,  Flow,  and  Speed. Instrumentation  Locations 
Fig.  Ill-l  Continued 


OXIDIZER 

BLEED 

VALVE 


I 


TOBS-2- 


T0BS-2B 


ALL  DIMENSIONS  IN  INCHES 

c.  Gas  Generator  Oxidizer  Supply  Line 
Fig.  Ill-l  Continued 


T0BS-1- 


TSOVC-1 


TSOVAL-1 


Sequence 
Outlet — i 


POVCC 


Main  Oxidizer  Valve 
Closing  Control  Line 


VIEW  LOOKING  AFT 


AEDC-TR 
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APPENDIX  IV 

METHODS  OF  CALCULATION  (PERFORMANCE  PROGRAM) 
TABLE  IV-1 

PERFORMANCE  PROGRAM  DATA  INPUTS 


Item 

No. 

Parameter 

1 

Thrust  Chamber  (Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures, 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

6 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F' 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

9 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

10 

Propellant  Utilization  Valve  Position,  volts 

* 

11 

Fuel  and  Oxidizer  Pump  Speeds,  rpm 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidizer  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  ®F 

17 

Oxidizer  Turbine  Discharge  Temperature,  #F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  calculated  from 
gas  generator  chamber  pressure. 
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NOMENCLATURE 


A 

B 

C 

C* 

D 

F 

H 

h 

I 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

Z 

0 

T 

I 

0 

P 


Area,  in.2 

Horsepower 

Coefficient 

Characteristic  velocity,  ft /sec 
Diameter,  in. 

Thrust,  lbf 
Head,  ft 

Enthalpy,  Btu/lbm 
Impulse 

Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec2/ft3-in.2 
Mixture  ratio,  O/F 
Temperature,  °F 

Theoretical  characteristic  velocity,  ft /sec 
Weight  flow,  lb /sec 
Differential  pressure,  psi 
Ratio 

Ratio  of  specific  heats 
Efficiencies 
Degrees 
Density,  lb/ft^ 


SUBSCRIPTS 

A  Ambient 

AA  Ambient  at  thrust  chamber  exit 

B  Bypass  nozzle 
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BIR 

Bypass  nozzle  inlet  (Rankine) 

BN1 

Bypass  nozzle  inlet  (total) 

C 

Thrust  chamber 

CF 

Thrust  chamber,  fuel 

CO 

Thrust  chamber,  oxidizer 

CV 

Thrust  chamber,  vacuum 

E 

Engine 

EF 

Engine  fuel 

EM 

Engine  measured 

EO 

Engine  oxidizer 

EV 

Engine,  vacuum 

e 

Exit 

em 

Exit  measured 

F 

Thrust 

FIT 

Fuel  turbine  inlet 

FM 

Fuel  measured 

FY 

Thrust,  vacuum 

f 

Fuel 

G 

Gas  generator 

GF 

Gas  generator  fuel 

GO 

Gas  generator  oxidizer 

HI 

Hot  gas  duct  No.  1 

H1R 

Hot  gas  duct  No.  1  (Rankine) 

H2R 

Hot  gas  duct  No.  2  (Rankine) 

IF 

Inlet  fuel 

IO 

Inlet  oxidizer 

ITF 

Isentropic  turbine  fuel 

ITO 

Isentropic  turbine  oxidizer 

N 

Nozzle 

NB 

Bypass  nozzle  (throat) 
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1 


NV 

O 

OC 

OF 

OFIS 

OM 

OO 

PF 

PO 

PUVO 

RNC 

SC 

SCV 

SE 

SEV 

T 

TEF 

TEFS 

TF 

TIF 

TIFM 

TIFS 

TIO 

TO 

t 

V 

v 

XF 

XO 


Nozzle,  vacuum 
Oxidizer 

Oxidizer  pump  calculated 

Outlet  fuel  pump 

Outlet  fuel  pump  isentropic 

Oxidizer  measured 

Oxidizer  outlet 

Pump  fuel 

Pump  oxidizer 

Propellant  utilization  valve  oxidizer 
Ratio  bypass  nozzle,  critical 
Specific,  thrust  chamber 
Specific  thrust  chamber,  vacuum 
Specific,  engine 
Specific,  engine  vacuum 
Total 

Turbine  exit  fuel 
Turbine  exit  fuel  (static) 

Fuel  turbine 

Turbine  inlet  fuel  (total) 

Turbine  inlet,  fuel,  measured 

Turbine  inlet  fuel  isentropic 

Turbine  inlet  oxidizer 

Turbine  oxidizer 

Throat 

Vacuum 

Valve 

Fuel  tank  repressurant 
Oxidizer  .tank  repressurant 
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PERFORMANCE  PROGRAM  EQUATIONS 


THRUST 

Thrust  Chamber,  Vacuum 

Fcv  =  C  (Pc)1  +  B  (PC)  +  A 

Empirical  Determination  from  Curve  Fit  of  Thrust 
versus 

Thrust  Chamber 

Fc  =  Fcv  -  paa  Ae 
Ae  —  Aetn  +  12.8 
Paa.  =  Measured  Cell  R-essure 


Engine,  Vacuum 


Engine 


MIXTURE  RATIO 


Fev  =  Fcv 
Fe  -  Fc 


Engine 


fE 


WeO 

WEF 


WeO  =  ffOM  -  Wxo 
WeF  =  Wfm  -  WxF 

Thrust  Chamber 

rc  = 

WCF 

Wco  =  Wqm  -  Wxo  ~  Wgo 


WcF  =  Wfm  -  Wxf  -  WCF 
WxO  =  Standard  0.9  lb/sec 
W\f  =  Standard  2.1  lb/sec 
Wco  =  WT  -  Wgf 

Wt 
1  +rc 

PTif  ATif  kT 
TC*Tif 
K7  =  32.174 


Wgf  = 

wT  = 
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Normalized  engine  and  thrust  chamber  vacuum  data 
calculated  as  measured,  except  all  flows  are  normal¬ 
ized  using  standard  inlet  pressures,  temperatures,  and 
densities  listed  below: 


SPECIFIC  IMPULSE 

Engine 


Engine,  Vacuum 


P|0  STD  =  39  psia 
PlF  STD  =  30  psia 
P10  STD  =  70.79  lb/ft3 
p1F  STD  =  4.40  lb/ft3 

Tjo  STD  =  -295. 2T 
Tif  STD  -  422.5°F 


*SE  = 


Fe 

«'e 


We  =  ^EO  +  ^EF 


ISEV  + 


Fev 

WEV 


Chamber 


Wev  =  Wg  Normalized  using  standard  inlet  pressures, 
temperatures,  and  densities 


isc  = 


Fc 

WC 


W'C  =  Wco  *  W'CF 


Chamber,  Vacuum 


Jscv 


Fc  v 
Wcv 


Wcv  =  W'c  Normalized  using  standard  inlet  pressures, 
temperatures,  and  densities 


CHARACTERISTIC  VELOCITY 


Thrust  Chamber 

C*  =  — 
K7  =  32.174 

Thrust  Chamber,  Vacuum 

r*  =  K7  pcv  At 
Wcv 

K7  =  32.174 
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Nozzle 

r* 
^  N 

Nozzle,  Vacuum 

c* 

CNV 

THRUST  COEFFICIENT 

Engine 

Cf 

Engine,  Vacuum 

Cfv 

DEVELOPED  PUMP  HEAD 

Oxidizer 

H0  =  K4 

k4 

P 

Fuel 


c* 

*6 

K6  =  1.086 

r* 

u 

K6  =  1.086 


Fc 

PCAt 


Fcv 

PCA, 


Ppo  _  pio\ 

Poo  PlO/ 

=  144 

=  National  Bureau  of  Standards  Values  f(P,T) 


Hf  =  778.16  AhoFIS 
AhOFIS  =  HoFIS  -  hlF 
hoFIS  =  f(P,T) 
h|F  =  f(P,T) 


Fuel  and  Oxidizer  Vacuum 

Conditions  normalized  using  standard  inlet  pressures, 
temperatures,  and  densities. 

PUMP  EFFICIENCIES 


Fuel,  Isentropic 


hQFIS  -  h I F 
^F  hoF  —  Hif 


hOF  =  f(P0F,  Tqf) 


160 


AEDC-TR. 68-272 


Oxidizer,  Isentropic 


Vo 

II 

-23 

O 

O 

O 

Voc 

II 

7^ 

4* 

0 

''OpoV 
\"o)  + 

Vo 

=  1.000 

K40 

=  -5.053 

K50 

=  3.861 

k60 


K60  =  0.0733 


TURBINES 


Oxidizer,  Efficiency 


’Jto 


bto 

bITO 


Bto 


k5 


W'pp  Ho 
Vo 


K5  =  0.001818 


WPO  =  Wom  +  W  PUVO 

Wpuvo  poa 


Zpuvo  =  a  +  B  (Poo) 

A  =  -1597 
B  =  2.3828 
if  POO  >  1010 


fn  Hv  = 
+ 


set  Poo  =  1010 

A  +  B  (0PLVO)  +  C(0PUVO)’  +  D  (e) 
9puvo  r  dp  u  y  o~[ 2 

E  0PUVO  (e)  7  +  F  (e)  7 


flpuvo 

7 


A  =  5.566  x  10" 1 
B  =  1.500  x  10"  2 
C  =  7.941  x  10~6 
D  =  1.234 
E  =  -7.255  x  10“2 
F  =  5.069  x  10~2 


Fuel,  Efficiency 


tjtf  - 


bt  f 
B[tf 
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B|TF  =  K10  Ahp  W't 
AHf  =  hTIF  -  ^TEF 

Btf  -  Bpf  .  Ks  (lEtJiL) 

WpF  =  WFM 

Kjo  =  1.415 

Kg  =  0.001818 

Oxidizer,  Developed  Horsepower 

Bto  =  Bpo 

BP0  .  Ks  (If^) 

K5  =  0.001818 

Fuel,  Developed  Horsepower 

Bjf  =  Bpf 

(-=V) 

Wpf  = 

Fuel,  Weight  Flow 

Wtf  =  Wj 
Wto  =  Wt  -  Wb 

r2K  :v  2  nv>  r  y«2  ~  n * 

Wb  =  I—  — pr  ■  (Prnc)  y«2 J  U  -  (Prnc)  Yh2  J 

Prnc  -  f  <0nb.  yH2) 

/3nb  =  Dnb/Db 
yH2-  MH2  =  KTH2R.  tg) 

Anb  =  K13  (D»b)2 

K13  =  0.7854 

Tbir  =  TtIO  +  460 

Pbni  =  Ptefs 
PTF.FS  -  Iteration  of  PteF 


Anb  pbni 

<rH2  tBIR>  14 
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Ptef  =  Ptefs 


tH  2R 

D4TEF  mH2 


yh2 

ynsj-i 


Ke  =  38.90 


GAS  GENERATOR 


Mixture  Ratio 

rG  =  Dt  (THi)3  +  C^Thi)2  +  Bj(Thi)  +  Aj 

Aj  =  0.2575 

B!  =  5.586  x  10~4 
Cj  =  -5.332  x  l<r9 
D,  =  1.1312  x  10“n 

Thi  =  TtIFM 


Flows 


TC*tIF 

a2 

B2 

C2 

d2 

Ptif 


D2(Thi)3  +  C2  (Thi)2  +  B2(Thi)  +  A2 


4.4226  x  103 
3.2267 

-1.3790  x  1<T3 
2.6212  x  10-7 


pTIFS 


Thir  ^Hi  ~  1 
d4Tjf  . . . 


yHi 

ym-i 


Kh  =  38.8983 


Note:  P'np  is  determined  by  iteration. 


Thir  =  Ttifm  +  460 


Mhi,  yHi,  Cp,  thi  =  f  (Thir,  rG) 
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